Session VIIId Muscle Biochemistry and Meat Quality by Editor, Managing
 
 
Session VIII   Muscle Biochemistry and Meat Quality                            
Session VIII.d                                                                                  Pages                                                                                                                                                                                                                                                            
 
 
MEAT QUALITY OF BEEF FROM NELLORE STEERS FED YERBA MATE SUPLEMENTED 
DIETS……………………………………………………………………………………………………….560 
Vidal, M.P  ; Nassu, R.T.  ; Tullio, Rymer R.  ; Berndt, Alexandre  ; Cardoso, Daniel R.   
 
RIB AND LOIN YIELD AND SHEAR FORCE OF FROZEN GOAT MEAT FROM AUSTRALIA 
AND THE UNITED STATES……………………………………………………………………………564 
Gregorie, J.C  ; Maynard, J.N.  ; McMillin, K.W.   
 
CALPAIN INHIBITOR REDUCES CYOTOTOXITY INDUCED BY LPS IN C2C12 
CULTURED CELLS………………………………………………………………………………………N/A 
Shang, Ke  ; Zhang, Junfeng  ; Amna, Touseef  ; Yang, Jieun  ; Cheng, Xiangchao  ; Park, Beomyoung  ; 
Cho, Soohyun  ; Hwang, Inho  
 
CULTIVATION OF FIBROBLASTS ON HYBRID SCAFFOLD FOR TISSUE ENGINEERING 
APPLICATIONS………………………………………………………………………………………….N/A 
Amna, Touseef  ; Hassan, M. S. ; Yang, Jieun  ; Park, Beomyoung  ; Cho, Soohyun  ; Hwang, Inho  
 
POULTRY MONITORY SYSTEM……………………………………………………………………..569 
Baigorria, Laura  ; Escotto, Fabiana   
 
SATURATED AND MONOUNSATURATED (OLEIC) FATTY ACID CONCENTRATION OF 
LAMBS REARED FOR MEAT PRODUCTION IN AUSTRALIA……………………………….N/A 
Ponnampalam, Eric N.  ; Khageswor, Giri  ; Pethick, David W  ; Hopkins, David L.   
 
EFFECT OF SEX AND DIETARY LECITHIN ON EATING QUALITY OF PORK………….N/A 
Akit, Henny  ; Frobose, Hyatt  ; Channon, Heather A.  ; D’Souza, Darryl N.  ; Dunshea, Frank R.   
 
A KINETIC MODEL TO SIMULATE THE EFFECT OF COOKING TIMETEMPERATUREON 
THE GASTRIC DIGESTION OF MEAT……………………………………………………………..572 
A., Kondjoyan  ; J.D., Daudin  ; Portanguen, S  ; L., Aubry  ; Santé-Lhoutellier, V   
 
NANOTECHNOLOGICAL METHOD OF REDUCING SODIUM NITRITE IN PRODUCTION 
OF SMOKED COOKED NECK………………………………………………………………………….576 
 
Andrei B. Lisitsyn , Victoria  V.Nasonova, Leonid A. Veretov , Elena K. Tunieva 
 
EFFECT OF PIG GENOTYPE ON MEAT RAW MATERIAL AROMA FORMATION………..579 
 
Irina M. Chernukcha  ,Tatiana G. Kuznetsova  , Irina G. Anisimova and Anton A. Lazarev   
 
STUDY ON THE ORGANOLEPTIC PROPERTIES OF MEAT PRODUCTS IN COLLAGEN 
FILMS WITH CO2 EXTRACTS OF SPICES BY MULTI-SENSOR ANALYSIS………………583 
 
 





FORMATION OF ORGANOLEPTIC PROPERTIES OF “BRAUNSCHWEIGSKAYA” 
SAUSAGE UNDER THE INFLUENCE OF STARTER CULTURES………………………………586 
Andrei B. Lisitsyn ,Anastasia A. Semenova, Andrew N. Ivankin, Aleksandr I. Rogatin, Andrew V. 
Kulikovsky, Viktoria V. Nasonova, Natalia L. Vostrikova 
 
EXPRESS-METHOD OF MEAT RAW MATERIAL ASSESSMENT BY SPECIFIC 
ELECTRICAL CONDUCTION…………………………………………………………………………..591 
 
Andrei B. Lisitsyn   ,Egor B. Sus 
 
STUDY ON THE MOLECULAR-BIOLOGICAL PRINCIPLES OF HYPOLIPIDEMIC 
ACTIVITY OF CARDIAC AND AORTIC TISSUES OF PIGS AND CATTLE………………..594 
 
Irina M. Chernukcha, Liliya V. Fedulova Elena A. Kotenkova 
 
INTEGRATED ASSESSMENT OF CARCINOGEN CONTENT IN SMOKED MEAT 
PRODUCTS…………………………………………………………………………………………………598 
 
Andrei B. Lisitsyn, Andrew V. Kulikovsky, Andrew N. Ivankin, Natalia L. Vostrikova  
 
AN INVESTIGATION OF THE ENZYME SPECIFIC TO THE BOVINE SERUM ALBUMIN 
WITH THE AIM TO DEVELOP HYPOALLERGENIC MEAT PRODUCTS FOR CHILD 
NUTRITION………………………………………………………………………………………………..602 
 
Irina M. Chernukcha ,Andrei Didikin, A. Gubina and E. Kurbatova 
 
STUDY OF INULIN EFFECT ON THE QUALITY OF COOKED SAUSAGES WITH REDUCE 
CALORICITY………………………………………………………………………………………………606 
 
Andrei B. Lisitsyn ,Elena K. Tunieva 
 
 
 SENSORY ANALYSIS OF MEAT RAW MATERIAL BY ELECTRONIC NANO 
BALANCE……………………………………………………………………………………………………609  
 
Irina M. Chernukcha, Tatiana G. Kuznetsova  and Anton A. Lazarev   
 
HISTIDINE DIPEPTIDES AND FREE AMINO ACIDS OF BEEF FROM CATTLE RAISED 
UNDER CONTRASTING FEEDING SYSTEMS AND PRE-SLAUGHTER 
MANAGEMENT……………………………………………………………………………………………612 
Chamorro, Verónica C.  ; Pazos, Adriana A.  ; Godoy, María F.  ; Pighín, Darío G.  ; Cunzolo, Sebastián 
A.  ; Sancho, Ana M.  ; Grigioni, Gabriela   
 
 
N/A= The short paper is not available, either because the authors reported to the editor they do 
not wish to publish their work, or because the authors did not respond to the editor's invitation 
to publish. 
 
60th International Congress of Meat Science and Technology, 17- 22rd August 2014, Punta Del Este, Uruguay 
 
MEAT QUALITY OF BEEF FROM NELLORE STEERS FED  YERBA 
MATE SUPLEMENTED DIETS 
 
M.P. Vidal1,2*, R.T. Nassu1, R.R. Tullio1, A. Berndt1, D.R. Cardoso2  
 
1 Embrapa  Southeast Livestock, São Carlos, Brasil 




Abstract – This study aimed to evaluate meat 
quality from cattle fed diets supplemented with 
different levels of yerba mate (0%, 0.5%, 1%, and 
1.5% w/w). Forty-eight Nellore steers with an 
average age of 21 months and an initial weight of 
419 kg were individually fed during 94 days with 
the same base diet, differing only by yerba mate 
content. Diets were composed of corn silage and 
concentrate (60:40 w/w) with 11% crude protein 
and 72% of total digestible nutrients. Diets were 
balanced using 0%, 0.5%, 1.0 and 1.5% w/w of 
Kaolinite (kaolin), an inert ingredient. The 
experimental design was completely randomized 
with four treatments and twelve replications, with 
diet and aging time as a fixed factor. Color, pH, 
water holding capacity, cooking loss and shear 
force were measured at five different aging times 
(0, 7, 14, 21 and 28 days). The addition of yerba 
mate to the cattle diet affect luminosity (L*), 
cooking loss, and shear force parameters. 
However, addition of yerba mate to the cattle diet 
strong influenced all meat quality parameters 
during ageing.  
Key Words – antioxidants, beef, Ilex 
paraguariensis St. Hilaire, shear force 
 
I.  INTRODUCTION 
 
Oxidative processes in muscles tissues are 
important factors that directly affect meat 
quality. Oxidative reactions involving lipids are, 
along with microbial growth, the most frequent 
causes of food deterioration. Recently, protein 
oxidation is attracting increasing attention due to 
its relation to meat tenderness affecting 
consumer acceptance. The growing demand 
from the consumers for quality and safety meat 
products requires continuous adaptation of the 
production sector. Antioxidants are naturally 
occurring substances or may be intentionally 
added to food aiming to inhibit oxidation and 
maintain food sensory quality and safety. 
Currently, greater attention for replacing 
synthetic antioxidant and growth promoters by 
natural compounds is increasing in the feeding 
industry (1). 
Recent studies have shown the potential use of 
natural antioxidants in the animal fed for 
improving animal performance, welfare, and 
meat quality. Meat from broilers fed with 
aqueous extract of yerba mate shown an increase 
in shelf-life stability due to a lower cholesterol 
level and better redox stability of the meat (2). 
The aim of this study was to evaluate the effect 
of yerba mate supplementation in the diet of 
Nellore cattle finished on feedlot, in order to 
obtain meat with higher oxidative stability and 
sensory quality. 
 
II. MATERIALS AND METHODS 
 
Forty-eight Nellore steers were randomly 
assigned in individual pens and fed the same 
diet. The diets (Table 1) were differentiated only 
by the presence of different levels of yerba mate 
extract (0%, 0.5%, 1% and 1.5% w/w).  
Table 1 - Composition of rations (% dry matter) 
Ingredients 
Treatments 
1 2 3 4 
Yerba mate extract 0 0,5 1 1,5 
Kaolin 1,5 1 0,5 0 
Corn silage 43 43 43 43 
Ground corn grain 51,3 51,3 51,3 51,3 
Soybean meal 1 1 1 1 
Urea 1 1 1 1 
Bicarbonate 1 1 1 1 
Mineral supplement 1,2 1,2 1,2 1,2 
Monensin 0,03 0,03 0,03 0,03 
Nutrients (%)         
Crude protein 11 11 11 11 
TDN 72 72 72 72 
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Animals were fed twice a day, during 94 days. 
Then they were submitted to food and water 
fasting for 16 hours before slaughter, which was 
held in a commercial abattoir. Carcasses were 
chilled overnight at 2°C. At 24 hours post 
mortem, the left half-carcass was cut between 
the 12th and 13th rib where 2.5 cm steaks were 
removed for quality analyses (pH, color, water 
holding capacity, cooking loss and shear force) 
at the Embrapa Southeast Livestock Meat 
Analysis Laboratory. Steaks for aging were 
vacuum-packed and maintained at 1-2°C for 1, 
7, 14, 21 and 28 days and analyzed for the same 
quality parameters.  
For objective color, steaks were exposed to 
atmospheric air for thirty minutes prior to the 
analyses, and CIE L*, a* and b* parameters 
were measured at three different locations across 
the surface of the steaks using a Hunter Lab 
colorimeter model MiniScan XE. pH was then 
measured also at three different locations across 
the surface using a Testo pH measuring 
instrument, model 230. Water holding capacity 
was obtained by the difference between the 
weights of a meat sample of approximately 2g, 
before and after it was submitted to a pressure of 
10 kgf for 5 minutes as described by Hamm (3). 
For cooking loss and shear force measurements, 
the same steak of 2.5 cm thickness was weighed 
and cooked in a Tedesco combined oven, at 
170°C until the temperature at the centre of the 
sample reached 70°C, controlled by a 
thermocouple using the FE-MUX software. 
Samples were then cooled at room temperature 
and weighed again. Cooking loss was calculated 
by difference between the weights before and 
after cooking, and expressed as percentage. 
Steaks were transferred to a cooler and held for 
24 hours, after which, eight cores (1.27 cm in 
diameter) were removed per steak, parallel to the 
fiber grain. Peak shear force was determined on 
each core perpendicular to the fiber grain using a 
1.016 mm Warner Bratzler probe in a TA.XT 
Plus Texture Analyzer (calibration weight 
10kg). Full peak shear force was recorded and 
maximum shear force calculated as the average 
of the eight cores. 
The experimental design was completely 
randomized with four treatments and twelve 
replications, with analysis of variance and 
regression depending on the levels of yerba mate 
added to the animal diet. The statistical model 
included the effect under study: diet and aging 
time. For statistical analysis, XLSTAT (4) 
software was employed. 
 
III. RESULTS AND DISCUSSION 
 
Significant differences among diets and ageing 
time as isolated effects were found (p<0.05). 
There were no interactions between these two 
factors. The different treatments affected 
luminosity (L*) (p=0.008), pH (p=0.026), 
cooking loss (p=0.017), and shear force (P = 
0.024) as shown in Table 2.  
Table 2 - Meat quality parameters, according to 
treatments 
  Treatments P  
SEM 
  0% 0.5% 1% 1.5% value 
L* 40.79a 41.08a 41.74b 40.98a 0.008 0.648 
a* 17.78 17.94 17.88 18.11 0.512 0.49 
b* 15.76 16.06 16.20 16.01 0,127 0,417 
pH 5.36b 5.32a 5.35ab 5.32ab 0.026 0.034 
WHC 
73.35 73.48 73.12 73.42 0.87 1.017 
(%) 
Cooking  
27.39ab 26.44a 28.11b 27.18ab 0.017 1.163 
loss (%) 
Shear  
4.41b 3.92a 4.08ab 4.24ab 0.024 0.367 
force 
WHC = water holding capacity   
 a,b, c, d Means in the same row with different superscripts  
are significantly different (P<0.05) 
  
The luminosity (L*) parameter was higher in 
samples of animals fed with 1% w/w of yerba 
mate extract. Values for this parameter ranged 
from 33.2 to 41.0, which are average values 
found for luminosity in beef (5). The animals 
used were castrated and showed meat with 
higher brightness compared to non-castrated 
animals, possibly due to the higher amount of 
intramuscular fat (6). Although pH values 
presented significant differences, they did not 
affect the results as they showed very close 
values. Higher values for cooking loss were 
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observed in animals fed with 1% w/w of yerba 
mate extract, and opposing values for cooking 
loss observed for meat from animals fed with 
0.5% w/w yerba mate extract. No differences for 
cooking loss were observed as function of yerba 
mate supplementation. However, all cooking 
loss values are close to the values found in 
literature for Nellore beef cattle (6). Shear force 
showed higher values for meat from animals fed 
with the control diet. Even with a significant 
difference for mean value, meat from animal 
supplemented with yerba mate extract may be 
considered tender due to values lower than 4.5 
kgf for shear force (7). Animals fed with 0.5% 
w/w extract of yerba mate showed the lowest 
shear force values compare to animals fed with 
higher levels of yerba mate. 
According to the values presented in Table 3, all 
meat quality parameters showed significant 
differences (P <0.001) for different aging times. 
Table 3 -  Meat quality parameters, according  
to aging time 
 
 
Aging time (days) 
SEM 
 
0 7 14 21 28 
L* 40.21a 40.21a 42.09c 41.20b 42.04c 0.648 
a* 14.71a 17.49b 18.43c 19.64d 19.35d 0.49 
b* 12.74a 15.59b 16.90c 17.26cd 17.55d 0.417 
pH 5.33b 5.50d 5.38c 5.32b 5.18a 0.034 
WHC 
76.75c 72.98b 71.72a 73.06b 72.21ab 1.017 
(%) 
Cooking  
25.94ab 25.03a 26.42b 29.93c 29.08c 1.163 
loss (%) 
Shear  
7.72d 4.29c 3.18b 3.39b 2.22a 0.367 
force 
 P value < 0.001 for all parameters 
WHC = water holding capacity 
a, b, c, d Means in the same row with different superscripts 
are significantly different (P<0.05) 
 
Luminosity (L*) showed increasing values with 
aging time.  This behavior is expected due to the 
lower water holding capacity and reflection in 
the meat surface increases, turning the meat 
more clear (8). The reduction of the water 
holding capacity is a result of the decrease in the 
muscle pH changing the net charge of the 
myofibrillar proteins reducing their Coulombic 
repulsion resulting in lower water holding 
capacity (9). The a* color parameter increase 
during aging and may be related to the decrease 
in enzymatic activity  turning oxygen more 
available to bind to deoxymyoglobin, thus 
enhancing bright-red colour (10). Changes in b* 
color parameter may be explained by the 
increase of metmyoglobin content due to 
oxidation of oxymyoglobin at the meat surface 
(10). As expected, post mortem ageing increased 
meat tenderness due to proteolytic activity, but 
interestingly meat from animals fed with yerba 
mate shown better tenderness after aging. This 
positive effect of yerba mate supplementation on 
the tenderness may be explained to improvement 
on the oxidative stability of the meat which 
results in a muscle tissue with higher activity of 
proteolytic enzymes that are well-known to be 
sensitive to oxidative stress. 
 

































PC1 (68,78 %) 
Variables (PC1 and PC2: 87,56 %) 
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Fig. 2. Graph of principal component analysis 
 
From the principal component analysis plots, it 
may be seen that 68.8% of the total variance 
among samples is explained by PC1. PC1 and 
PC2 account to 87.56% of the total variance. 
Ageing time provide a clear separation and 
clustering of samples in the PCA plot, but the 
differences among different traits were not so 
evident, except at time zero. The      L *, a *, b * 
and CL parameters were positively related to 14, 
21, 28 aging times. pH, SF, WHC were 




The addition of yerba mate extract to animal 
feed affected the meat characteristics of 
luminosity, cooking loss and shear force. Meat 
from animals fed with 0.5% w/w of yerba mate 
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Abstract – The research was conducted to 
determine yields of primal ribs and loins of frozen 
and thawed goat carcasses from U.S. and 
Australian origin (n=30 from each source). 
Warner-Bratzler shear force values were 
determined on 6 rib chops and 6 loin chops from 
each carcass. Chops from Australian goat 
carcasses were more tender than chops from U.S. 
goat carcasses.  Rib chops were more tender than 
loin chops from each source, Australian or U.S. 




Goat meat is a source of protein for much of the 
world. Increased quantities of frozen goat meat 
are imported into the U.S. from Australia and 
New Zealand to meet the demand for goat meat, 
primarily from ethnic consumers. Imports of 
goat meat, usually frozen from Australia and 
New Zealand, have increased over the past two 
decades with more than 15,832,543 kg imported 
into the U.S. in 2012 [1]. Type of cut accounted 
for 68% of the variation in respondent 
preferences, followed by product source, price 
and color that accounted for 15%, 14% and 3% 
of consumer preference, respectively, in an 
online survey of 2,000 goat meat consumers. 
This implies that the type of cuts offered for sale 
is the most important attribute among goat meat 
consumers, with a demonstrated preference for 
cuts, chops and cubes [2]. 
 
There are differences in palatability of meat that 
vary with the location on the carcass. Trained 
sensory panels gave similar tenderness scores 
when determining palatability of lamb from 
young animals, but rib chops were rated higher 
than loin chops from older sheep [3]. Leg steaks 
from young Angora and Spanish goats were 
rated less juicy and tender than loin chops by 
trained sensory panelists [4]. This might be 
because rib portions had higher levels of total 
lipids than loin chops from young and older 
lambs [5] and from market weight pigs [6].  
 
Most of the goat meat from Australia is in frozen 
form. Freezing meat prolongs the shelf life, but 
freezing and thawing processes affect the quality 
of the meat. Tenderness of meat as peak force is 
generally thought to increase with freezing and 
thawing [7], but this tenderizing effect may be 
negated when the meat is sufficiently aged 
before freezing [8].  
 
The present study was designed to compare 
primal cut yields and Warner-Brazler shear force 
of rib and loin chops from representative frozen 
Australian goat carcasses and from 
representative U.S. kid goats after frozen storage 
of the carcasses. The hypotheses were that 
frozen U.S. goat meat carcasses had higher 
percentages of rib and loin primal cuts than 
frozen Australian goat carcasses and that rib and 
loin chops from frozen U.S. goat carcasses 
would have lower Warner-Bratzler shear force 
measurements than rib and loin chops from 
frozen Australian goat carcasses. 
 
II. MATERIALS AND METHODS 
 
Kid goats (n=30) were purchased from local 
domestic sources and live measurements were 
taken before humane slaughter. After 
overnight chilling at 4°C, carcasses were 
measured and conformation evaluated before 
splitting into left and right sides. Left sides 
were wrapped in layers of a 0.6 mil PVC 
barrier film before being frozen in a -33°C 
blast freezer. Frozen Australian goat carcasses 
(n=30) were obtained from a commercial 
vendor and transferred to a -33°C storage 
freezer upon receipt. The carcasses were 
chilled for approximately 8 hours (4°C), then 
blast frozen for approximately 24 hours at -
30°C before being loaded into shipping 
containers at -21°C. Transit time from 
Australia to Philadelphia port of entry was 4 
weeks [9].  
 
After 6 weeks in frozen storage, all sides or 
carcasses were removed from the freezer and 
hung on hooks from hock joints in a 3°C 
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storage cooler for 3 days. Imported carcasses 
were weighed, split in half, and all thawed 
carcasses were separated into loins, racks, ribs, 
shanks, and whole leg primal cuts. Racks were 
cut at the 4th thoracic vertebrae and separation 
of loins was behind the last rib to the pelvic 
bone. Loin and rack primal cuts were sliced 
(1.25 cm) into loin chops and rib chops that 
were weighed before cooking on open electric 
grills to 70°C. After cooking, the rib and loin 
chops were re-weighed and chilled to 10°C. 
Cores were removed for Warner-Bratzler shear 
force using a Texture Technologies TI-HDi. 
An average shear value for rib chops and for 
loin chops for each carcass was obtained using 
the values of cores from 6 rib chops and 6 loin 
chops from each goat carcass. 
 
Prior to data analysis, all weights were 
converted to percent of side weight for 
comparative purposes. Primal cut yield data 
were analyzed by proc gchart (y-axis=percent 
rack/loin x-axis=side weight) to determine the 
relation between percent rack or percent loin 
with side weight. Warner-Bratzler shear force 
data were analyzed using proc t-test to 
compare differences between tenderness of 
loin chops and rib chops for the entire samples 
(n=60) with an additional proc t-test to 
determine the same difference within groups 
(domestic was USA and imported was 
Australian). Differences in tenderness between 
loin chops and rib chops from U.S. and 
Australia were determined with another proc t-
test with class of country and variable Warner-
Bratzler shear force. Variances were unequal 
so the Satterthwaite values were used for the 
statistical tests. 
  
III. RESULTS AND DISCUSSION 
 
The percentages of loin primal and rack primal 
cuts from domestic and imported goat carcasses 
are in Table 1. The percentages of loin primal 
cuts were higher (P<0.05) than for rack primal 
cuts from both domestic and imported frozen 
carcasses. There were no differences in 
percentages of primal cuts with source of the 
frozen carcasses. These percentages were similar 
to those reported previously for domestic and 
imported goat carcass cut yields [10]. 
 
Table 1. Percentages of rib and loin primal cuts from 
frozen U.S. or Australian goat carcasses. 
 
Source Loin Rack Loin and rack 
U.S. 15.20 9.43 24.63 
Australia 15.18 9.15 24.32 
Combined 15.19 9.29 24.48 
Even though the percentages of rack and loin 
primal cuts were similar between Australian and 
U.S. goat carcasses, there was no correlation of 
thawed side weight with the percentage of loin 















21 22 23 24 25 26 27 28
Plotted Side Weight and Percent Loin and Rack
 
 
Figure 1. Scatterplot of percentage loin and rack 
against side weight for all frozen and thawed 
Australian and U.S. goat carcasses. 
 
The Warner-Bratzler shear force mean values for 
the loin chops from frozen imported and 
domestic goat carcasses are in table 2. The shear 
force of loin chops from Australian carcasses 
was less (P<0.05) than loin chops from U.S. 
carcasses. The slaughter and aging times before 
freezing were as similar as possible for the two 
sources so the difference in shear force might be 
the rate of freezing, which will affect the ice 
crystal size formation and thus the amount of 
protein disruption upon thawing, or the length of 
total frozen storage time [7]. 
  
Table 2. Warner-Bratzler shear force (g) of loin chops. 
 
Country n Mean Std. 
Dev. 
Std. Err. Min. Max. 
Aus 30 3106.7b 941.4 171.9 1942 5284 
US 30 4499.4a 1467.0 267.8 1524 7317 
Differ-
ence 
 -1392.7 1232.6 318.2   
Means with different letters are different (P<0.05). 
 
The frequency distribution of shear forces for the 
samples of loin chops from U.S. and Australian 
goat carcasses are in Figure 2. The loin chops 
from Australian carcasses tended to have a 
skewed distribution toward lower shear force 
values while there was a more normal 
distribution of the shear force around the mean 
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for chops from U.S. carcasses. The unequal 
variances caused the use of the Satterthwaite 
values for the statistical comparisons. 
 
 
Figure 2. Frequency distribution of shear force of loin 
chops from frozen Australian (top) and U.S. (bottom) 
goat carcasses. 
 
The Warner-Bratzler shear force mean values for 
the rib chops from frozen imported and domestic 
goat carcasses showed that, similarly for loin 
chops, the rib chops from Australian carcasses 
had lower shear force (P<0.05) than loin chops 
from U.S. carcasses (Table 3). 
 
Table 3. Warner-Bratzler shear force (g) of rib chops. 
 
Country n Mean Std. 
Dev. 
Std. Err. Min. Max. 
Aus 30 2768.7b 709.8 129.6 1651 4314 
US 30 3389.2a 1035.9 189.1 1431 5346 
Differ-
ence 
 -620.5 887.9 229.3   
Means with different letters are different (P<0.05). 
 
The frequency distribution of shear forces for the 
rib chops showed that the rib chops from 
Australian goat carcasses also tended to have a 
skewed distribution toward lower shear force 
values while there was a more normal 
distribution of the shear force around the mean 




Figure 3. Frequency distribution of shear force of rib 
chops from frozen Australian (top) and U.S. (bottom) 
goat carcasses. 
Because the ages of the goats were unknown, it 
was thought that carcass side weight might be an 
indicator of age and thus influence the Warner-
Bratzler shear values that were measured. 
However, the correlation coefficient between 
shear force and side weight was only 0.25, with 





Figure 4. Scatterplot of side weight and average 
Warner-Bratzler shear force. 
 
Table 4 shows the mean differences between 
shear force values for rib and loin chops from 
frozen U.S., Australian, and combined group 
goat carcasses. With a mean difference of 724.1, 
with groups U.S. and Australian combined, rib 
chops were more tender (P<0.0001) than the loin 
chops.  
 
Table 4. Warner-Bratzler shear force (g) differences between 
rib chops and loin chops from frozen goat carcasses. 
W-B shear force 
difference between 







Mean 1110.2 337.9 724.1 
Std. dev. 923.9 569.2 854.6 
Std. err. 168.7 103.9 110.3 
Min. -664.5 -625.0 -664.5 
Max. 3221.0 1151.3 3221.0 
 
Figure 4 shows that the frequency distribution of 
the differences in shear force between rib chops 
and loin chops from all carcasses, both U.S. and 
Australian, was nearly normalized in appearance. 
This is in contrast to the non-normalized 
distributions of the differences in shear force 
between rib chops and loin chops when the 
frequency difference was plotted for frozen 
Australian (Figure 5) or frozen U.S. goat 
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carcasses (Figure 6). Both of these figures 






Figure 4. Frequency distribution of the difference in 
shear force of rib chops from frozen Australian and 




Figure 5. Frequency distribution of the difference in 
shear force between rib chops and loin chops from 




Figure 6. Frequency distribution of the difference in 
shear force between rib chops and loin chops from 




Rib chops and loin chops from frozen and 
thawed Australian goat carcasses were more 
tender than chops obtained from frozen and 
thawed U.S. goat carcasses. Rib chops were 
more tender than loin chops from each source of 
the goat carcasses.   
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Poultry Monitory System 
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The Ministry of Agriculture, Livestock, and 
Fisheries of Uruguay (MGAP) designed and 
implemented an information system as a tool 
to manage the registers of different actors 
and transactions, with the objective of adding 
value to the commercial chain of the poultry 
sector. 
 
The productive system is composed by actors 
dedicated to the breed of poultry with destiny 
to selling of meat (heavy line) and to the 
production of commercial eggs (light line).  
All reproductive poultry are imported as 
baby chicks or fertile egg from different 
countries: Germany, Brazil, Argentina and 
others. It is essential for our country to 
import genetic material to maintain the stock 
of Breeding Poultry and Commercial, 
referring to the two production levels. 
 
The poultry production system in our 
country differs in two types of actors with 
different characteristics but working 
together. There is an actor named Owner 
and /or Entrepreneur who has animals on his 
property and may possess or not his own 
property (Farm), where activities are 
performed. On the other hand we find that 
Façonero refers to one actor who owns a 
facility where animals are exploited but there 




Poultry Monitoring Unit (UMA) was 
created on 4rd. October, 2006 by Ministerial 
Resolution. This new system as a need of 
the production system, as it requested by 
the private sector and supported by the 
public sector. 
 
The Law 18.615 promulgated on October 
23rd., 2009 and its Regulatory Decree 
227/10 of 23rd. July 2010 as a scoped to the 
Officers Permanent Working in Poultry, 
composed of delegates from industry sector, 
poultry entrepreneurs, façoneros and public 
sector of the Ministry of Agriculture,  
 
Livestock and Fisheries (MGAP) which, 
according to article 8 should be represented 
by the General Direction of Livestock 
Services through the Division of Animal 
Industry (DIA), Division of Animal Health 
(DSA) and Division Controller of Livestock 
(DICOSE), representing the General 
Secretary of State for International Affairs 
Unit (IAU), the Office of Agricultural 
Planning and Policy (OPYPA) and the 
National Livestock Information System 
(SNIG), the General Direction of Farm 
(DIGEGRA) and the General Direction for 
Rural Development (DGDR). 
The analysis of the new system starts as 
policy definition by the authorities, with the 
purpose of managing and enhancing the 
functioning of the information system of 
the UMA, maximizing the use of existing 
infrastructure and continue actions aimed at 
building a Unique Register of Agricultural 
Producers. This activity is requested to 
SNIG team. The suggestion made was to 
replace the current system of UMA 
information regarding the management of 
the Register of Producers and Transit 
Guide. 
The poultry traceability system 
implemented is based on the identification 
of a set of elements called Batch, which 
features a unique and unrepeatable 
Identification: Batch number. The elements, 
poultry or eggs, which form the Batch must 
have a common origin and are known since 
they entered the system. Also, each event 
that Batch suffering throughout history 
should be reported in the SMA. 
This way, you can keep track of the batch, 
along the entire production chain: what is 
its origin, what was facility, which suffered 
production process, to which he referred, 
among others. With this traceability system, 
fully auditable group type, providing 
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II. MATERIALS Y METHODS 
 
To prepare the system has had the   
cooperation and assistance of 
multidisciplinary teams of MGAP.  
 
Several meetings were maintained between 
technicians of the MGAP related to the 
poultry sector, according to the different 
roles that accomplish as competent 
authority: health, industry, and transaction 
records and information systems. 
Besides visiting fattening farms and 
posture, the documentation and existing 
regulations on the subject were consulted. 
The system was implemented in three 
stages. The first phase began with the 
registration of actors, the second referred to 
the training on using the system and the 
third and final with the start of the 
activities. 
As diffusion method site training and 
distance were performed by a platform 
provided by the Agricultural Institute Plan 
(IPA), aimed at all actors in the productive 
chain, for better utilization of computing 
platform tool. 
Both modalities began addressing the actors 
representing the first stages of the poultry 
production chain. These are: Importers, 
Incubadurías, Reproductive Farms, Posture 
Farms, Fattening Farm and Slaughter 
Plants. 
It was assumed as a starting point, that all 
actors will have or will have access to the 
necessary technology, enabling the 
implementation of a web-based e-business 
solution, where the role acting as 
supporting documentation and not as a 
main input of the system. 
It was anticipated that the monitoring 
system for the poultry industry in addition 
to industry-specific functionality, share a 
set of basic features with the SNIG. 
   
 
 
III. RESULTS AND DISCUSSION 
 
As a result a completely new and 
independent to the previous system (UMA), 
creating a new database with the support of 
the old records of producers is designed.  
 
A System was designed that involves the 
least amount of modifications to the 
existing regulatory framework, in order to 
facilitate its implementation. Among the 
common areas are management Business 
Registers, Holders, People and registers, 
which are based on the same features and 
necessarily share the same access criteria. 
An interface to access the Portal is created 
for this purpose a specific channel for the 
sector with Users and profiles defined for 
each actor, security schemes are 
implemented for access to functions and 
policies on access to information.  
It was achieved to enter to the system 
records related to the commercial circuit 
poultry actors.  
 
By May 2014, there are a total of 615 
records. The actors are disaggregated in 
Table No.1. 
Table Nº1 Actors register 
Activities Total 
Commercial Destination 5 
Fattening Farm Façoneros 376 
Fattening Farm Owner 37 
Posture Farm Façoneros 20 
Posture Farm Owner 79 
Reproductive Farm - Façoneros 17 
Reproductive Farm - Owner 33 
Importers  of Poultry/Eggs 13 
Incubaduría 13 
Slaughter Plants 10 






It also has the record of all processes, 
balance eggs/poultry by category and 
related transactions between producers.  
 
IV. CONCLUSION  
 
The major challenge that had poultry 
traceability system batch was the 
regularization and formalization of the 
sector that was duty of the Institutions.  
Has developed innovative management 
tool, characterized by electronically 
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performed whereby there is a real-time 
status report of the Sector. Successful 
implementation was based on the direct 
relationship with all the actors, mainly for 
awareness, approach and understanding of 
the system.  
In May of this year we will achieve the first 
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A KINETIC MODEL TO SIMULATE THE EFFECT OF COOKING TIME-
TEMPERATURE ON THE GASTRIC DIGESTION OF MEAT
Kondjoyan, A., Daudin J.D., Portanguen, S., Aubry, L., and Santé-Lhoutellier, V.
UR370 Qualité des Produits Animaux, INRA, 63122 Saint-Genès-Champanelle, France
Abstract - A kinetic model was developed to predict the 
effect of cooking time and temperature on the 
digestibility of myofibrillar proteins. The predictions 
were confronted to the measurement of the in vitro
digestibility of myofibrillar proteins coming from either 
slices of beef meat heated in water bath or from a piece 
of meat roasted in a domestic oven. The model was able 
to simulate the in vitro measurements for the meat pieces 
of different sizes cooked under different conditions. 
Simulation calculations can help to investigate the 
relative effects of cooking and residence time in the 
stomach.
Keywords— Model, Cooking, Beef, Digestibility.
I. INTRODUCTION 
Animal proteins are part of the daily diet in most 
countries. Beef is also sought by many consumers for 
its sensorial quality. Meat is a major source of proteins 
that provide all the essential amino acids. The 
digestion rate of proteins is important for amino acids 
assimilation. This is a key problem especially for 
elderly people, who are prone to sarcopenia [1]. 
Moreover, undigested proteins entering the colon are 
suspected of favoring carcinogenesis [2]. Gastric 
digestion by pepsin, which takes place before the 
trypsin/chymotrypsin reactions, affects protein 
digestibility. The incidence of various process 
parameters on the in vitro gastric digestibility of 
myofibrillar proteins has been studied in a previous 
study [3]. Results have proved that aging and mincing 
have a little effect on the digestibility of proteins, 
whereas digestibility was affected by salting, and 
above all by heating temperatures [3, 4]. Present work
deals with the development of a kinetic model to 
predict the effect of cooking time and temperature on 
the digestibility of myofibrillar proteins. The
predictions have been confronted to the measurement 
of the in vitro digestibility of the myofibrillar proteins
coming either from slices of beef meat heated in water 
bath or from a piece of meat roasted in a domestic
oven.
II. MATERIALS AND METHODS
A. Meat samples and heat treatments
Two sets of experiments were performed; the first 
one on slices and the second one on a piece of meat 
cooked under domestic conditions. All the muscles 
were excised from two years old Charolais cows, 
vacuum packaged, aged 14 days at 4°C and cut in 
large pieces which were frozen at -18°C until use.
During the first set of experiments 2 mm thick
slices of meat (Infraspinatus or Semitendinosus
muscles from one animal), were immersed in a 
bioreactor to fix the initial pH and NaCl content of the 
meat. Then, they were vacuum-packed, heated in 
water bath at 60, 70 or 90 °C, during a given time, and 
cooled rapidly in melted-ice. Then, samples were 
frozen and stored at -80 °C until proteolysis 
measurement. Each condition was repeated 4 times.
The experimental conditions used in this paper as 
references come from the Infraspinatus muscle, salted 
at 0.7% and marinated at pH 5.5. This corresponds to 
marinating in a solution with the same ionic strength 
and same pH as aged beef meat.
The second set of experiments was performed using
110 x 60 x 60 mm parallelepiped pieces of beef meat 
cut from frozen Semimembranosus muscles. Holes 
were drilled in the frozen sample to introduce 2 
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thermocouples along the longest symmetry axis: one at 
core and one 5 mm below the surface. The sample was 
then thawed in a bag by immersion in water bath at 
6 °C. When the two thermocouples indicated 6 °C the 
sample was removed from the bag and introduced into 
a fan equipped air oven which was pre-heated at 
250 °C. The roast was removed from the oven when 
the core temperature reached 60 °C. It was immersed 
in melted-ice until the core temperature be less than 
40 °C. Then the thermocouples were removed and the 
crust at the surface was eliminated. Two samples of 
10 g of meat were taken for proteolysis measurements:
one at the surface of the roast and one at core. These 
samples were stored at -80 °C until proteolysis 
measurement. The experiment was repeated three 
times.
B. In vitro digestibility 
The in vitro digestibility was measured on the 
different replicates for each treatment condition using 
the protocol described by Bax et al. [4]. The 
myofibrillar proteins were extracted from the samples: 
grinding and a series of washing steps with salts
solution and phosphate buffer at pH 6. Proteins were 
digested by porcine gastric pepsin (10 U/ mg proteins) 
in conditions of pH (glycine buffer, 1.8) and 
temperature (37 °C) that simulated stomach digestion 
during 4 h. Digestion was stopped by addition of 15 % 
trichloroacetic acid at times indicated in figure 1. After 
centrifugation (10 min, 4000 g) the amount of
hydrolysed peptides (PM< 15 kDa) in the soluble 
fraction was measured by absorbance (OD) at 280 nm.
II. MODELS DEVELOPMENT
Pepsin is an endoprotease of the stomach, which 
cleaves peptide bonds after an aromatic amino acid 
(Trp, Phe or Tyr). Our primary model is based on the 
accessibility of the enzyme to these cleavage sites. 
Under different assumptions it can be demonstrated 
that the formation of the hydrolysed product (P)
follows a first-order reaction and that the variation of 
the absorbance (OD) with the digestion time tOD is:
(1)
kf is the rate constant of the reaction and ODmax the 
maximum absorbance measured when all the proteins 
have been digested with:
(2)
ET
pH is the active form of pepsin at a given pH. K and 
max are unknown parameters which shall be 
determined from the results.
A secondary model is required to take into account the 
effect of the heat denaturation of meat protein on the 
digestion kinetics. It assumes that protein unfolding 
and aggregation modify the number of sites available 
for pepsin reaction. The irreversible thermal 
denaturing of myofibrillar proteins has been followed 
in the literature by measuring their surface 
hydrophobicity [5], and modeled using a first-order 
relationship of the type [6]: 
(3)
where X0 is the initial hydrophobicity, and Xend is the 
stable value obtained after a long heat treatment time, 
th. The time scale of heat denaturing is characterized 
by .
III. RESULTS
A. Determination of model parameters
Figure 1 presents the variation of ODmax with heating 
time for two heating temperatures, 60 and 90 °C. The 
ODmax value increased during the first 5–10 minutes of 
heating, and remained constant thereafter. This 
increase was faster and larger for the higher 
temperature. The change in kf due to the heating time 
and temperature is shown in Figure 2. It decreased
during the first 5–10 min of heating, and stabilized 
thereafter. It can be concluded that the increase in 
heating temperature promotes an increase in the value 










    endhend0th exp XtXXX  
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of ODmax. but parallel, due to protein denaturing, a
decrease in the value of kf. 
Fig. 1. Evolution of ODmax with the heating time, th, 
measured on samples subjected to heating temperatures: 
60 °C, squares, and 90 °C, diamonds. Dotted lines represent 
the results calculated with the relation (3)
Fig. 2. Evolution of the constant rate of the reaction kf, with 
the heating time, th. Symbols are the values determined from 
the measurements at two heating temperatures: 60 °C, 
squares, and 90 °C, diamonds. Dotted lines represent the 
results calculated from the relation (3)
B. Effect of temperature on the digestion of meat slices
Temperature in the meat slice reached the water bath 
temperature after about 45 s of heating. The variation 
in digestibility due to an increase in the cooking 
temperature was subjected to two opposing effects: (i) 
an increase in ODmax and (ii) a decrease in kf. During 
our in vitro digestion tests the highest digestibility 
value was obtained at the end of the experiment which 
lasted 4 hours and under the highest heating 
time-temperatures (70-90 °C). However, simulation 
calculations, based on equation 1 with the previously 
estimated parameters ODmax and kf, showed that
digestibility depends on the digestion-time. For 
example a decrease in the digestion time from 4 to 2 
hours led to a raw meat being more digestible than the 
meat heated at 70 °C (Fig. 3).
Fig. 3. Comparison of the simulated in vitro digestibility of 
myofibrillar proteins issued from raw meat with those 
coming from meat slices heated at 70 °C during 40 min
C. Digestibility of roasted meat 
Strong gradients of temperature were observed 
within the pieces of meat that were roasted in the oven 
(Fig. 4). Temperature 5 mm under the surface of the 
meat rose to reach the boiling temperature during the 
heating period and decreased rapidly during the ice 
cooling period. On the contrary the temperature at the 
center of the meat went on increasing for a while 
during the cooling period and then decreased slowly. 
Similar temperature measurements have been
observed during the cooking of meat roasts [7]. In this 
case the effect of heating on digestibility should be 
different at the core and at the surface of the meat 
piece.
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Fig. 4. Temperatures measured during oven cooking; black 
line at 5 mm from the surface, grey line at the centre of the 
parallelepiped
Digestibility values predicted by our calculations
using the parameters values that corresponded to the 
temperatures in figure 4 are compared to the OD 
measured on the samples taken at the same locations
in Figure 5. In this case the digestibility at the core of 
the roast is higher than at the surface due to the 
decrease in kf with temperature which predominates 
on the increase in ODmax with temperature. Predictions
issued from the model agree with the in vitro
measurements.
Fig. 5. Comparison of the in vitro digestibility of 
myofibrillar proteins at two locations of a piece of meat 
when roasted in the oven. Points are the digestibility 
measurements and lines are the values predicted by the 
model
IV. CONCLUSION
Mathematical model was developed to predict the in 
vitro digestibility of myofibrillar proteins by pepsin. 
The model is able to simulate the in vitro results for 
meat pieces of different sizes cooked under different 
conditions. The effect of heating on digestibility 
depends on the digestion-time which in vivo can be 
linked to the residence time in the stomach. Model
equations can also takes into account the variation of 
pepsin activity with pH and the effect of enzyme 
concentration on digestibility (not detailed here). This 
can help to analyse in vivo digestion experiments 
where pepsin concentration and pH in the stomach are 
sources of variability.
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Abstract – A new word in food nanotechnologies, 
the mycelized form of ascorbic acid (E300) has a 
number of technological advantages compared to 
the traditional form: it is used in smaller doses of 
incorporation; it creates better conditions of color 
formation for sodium nitrite (E250), ensures its 
less residual content in a finished product, ensures 
better color stability of meat products from whole 
muscles, allows reducing dose of sodium nitrite 
addition without loss of quality and safety of 




Color fixer, sodium nitrite, is practically an 
irreplaceable food additive in meat technologies 
due to its properties of color formation and 
preservation. Nevertheless, the search for new 
methods of reducing the doses of its addition 
remains to be a topical task [1].  
The use of ascorbic acid in meat industry 
enables an increase in an amount of the reacted 
sodium nitrite (E250) and reduction of its 
residual amount in a finished product, as well as 
prevention of nitrosopigments from oxidation. 
The nucleus of micelles (nanoparticles of 
ascorbic acid) is formed from an active 
ingredient, the envelope from a system of 
surfactants, which are soluble in water and fat, 
and stable to the exposure to temperatures and 
changes in the environmental pH. The unique 
nanotechnological form of ascorbic acid contains 
in each micelle with 30 nm diameter strictly the 
same quantity of the active substance molecules, 
a small concentration of which ensures the high 
effectiveness due to the multifold increase in the 
potential area of interaction [2]. 
 
II. MATERIALS AND METHODS 
 
The samples of smoked cooked neck produced 
under the traditional technological scheme were 
studied. In their production, ascorbic acid in the 
traditional and mycelized form was used (Table 
1). Water- and fat-soluble mycelized ascorbic 
acid was dissolved beforehand in a small amount 
of warm water (40-50oC) and then used for 
preparation of brine.  
All samples of smoked cooked neck contained 
pork cut from the neck part of a carcass and 
injected with the brine in the quantity of 30% 
(Table 1). The samples were produced without 
use of vacuum packaging and modified 
atmosphere. 
Table 1 Brine formulation 
Name of brine 
components 
Norm for smoked cooked neck 
samples 
1 2 3 4 
kg/100 kg brine 
Water 89.49 89.56 89.58 89.60 
Table salt  8.3 8.3 8.3 8.3 
Granulated sugar 1.0 1.0 1.0 1.0 
Sodium nitrite  0.033 0.033 0.017 - 
Traditional  
ascorbic acid 
0.17 - - - 
Mycelized form of 
ascorbic acid 
- 0.1 0.1 0.1 
Food grade 
phosphates 
1.0 1.0 1.0 1.0 
 
After production, the samples were stored for 12 
days (with a norm 5 days) at a temperature of 0-
6oC and the relative humidity not higher than 
80%. 
Organoleptic indices, color characteristics using 
the Spectroton colorimeter, color stability, the 
indicators of oxidative and microbial spoilage, 
the residual content of sodium nitrite and 
ascorbic acid, the content of nitrosopigments 
were studied. The multi-sensory evaluation of 
odor was conducted. 
 
III. RESULTS AND DISCUSSION 
 
Samples No 1, No 2  and No 3 corresponded in 
their organoleptic indices to the traditional 
characteristics of smoked cooked pork products   
(Table 2). 
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Table 2 Organoleptic evaluation of the smoked 















1 5 5 4.5 4.8 4.86 
2 5 4.8 4.3 4.5 4.72 
3 5 4.7 4.3 4.5 4.70 
4 5 3.5 3.8 4 4.26 
  
In organoleptic characteristics, experimental 
samples No2  and No 3 corresponded to control 
sample No 1. Sample No 4 (without sodium 
nitrite) had grey color with different tints 
unacceptable for traditional smoked cooked neck 
and also had less distinct taste and aroma. 
In main color characteristics, experimental 
samples No 2 and No 3 corresponded to control 
sample No 1 (Table 3). Sample No 4 had the 
lowest values of redness and the highest values 
of yellowness, which was considered a deviation 
from the traditional color of smoked cooked 
neck. 
Table 3 The instrumental evaluation of the color of 
the smoked cooked neck samples  
during storage 
No  Color characteristics  Color 
stability, % L* а* b* 
1 day 
1 56.63 11.79 8.25 - 
2 56.39 10.36 8.02 - 
3 55.72 10.13 7.78 - 
4 55.97 8.27 10.03 - 
8 days 
1 59.90 9.62 8.94 89.15 
2 58.74 10.11 8.65 95.19 
3 57.02 9.58 8.36 94.93 
4 58.77 6.54 10.82 88.70 
12 days 
1 60.88 8.75 7.63 86.39 
2 59.14 8.83 7.56 91.53 
3 57.75 8.77 7.67 93.84 
4 59.81 4.34 11.35 77.49 
 
On the average, the samples of smoked cooked 
neck showed the following color stability during 
storage: sample No 1 (control) – 90.10%, 
experimental samples No 2 – 94.76% and No 3 – 
95.29%, sample No 4 (without sodium nitrite) – 
86.74%. 
None of the studied samples exceeded the 
regulated in Russia norm for sodium nitrite 
content 0.005% (Table 4). It is necessary to note 
that this norm is 5 times stricter in Russia than in 




Figure 1. The odor multisensory profiles of the 
samples of smoked cooked neck  
 
The results of the instrumental examination of 
the odor multisensory profiles of the samples of 
smoked cooked neck (Fig. 1) showed the similar 
aromatic gamut. The M1-M4 sensor values 
characterizing the content of volatile aroma-
forming substances in the gas phase of the 
samples had insignificant differences between 
each other.  
Table 4 Analysis of the mass fraction of sodium 
nitrite, ascorbic acid and nitrosopigments content in 









content, % to total 
pigment  
1 day 
1 0.0039 4.01 75.83 
2 0.0036 6.48 74.83 
3 0.0022 4.42 62.88 
4 0.0008 4.88 - 
12 days 
1 0.0009 3.23 75.45 
2 0.0006 4.67 74.57 
3 0.0005 1.94 60.94 
4 0.0002 2.65 - 
 
The highest sodium nitrite content was found in 
control sample No 1 (0.0039%), the lowest in 
sample No 4 produced without sodium nitrite 
(0.0008%) (Table 4). Use of nanotechnological 
ascorbic acid enabled production of a finished 
product with reduced content of sodium nitrite. 
During storage, the dynamics of ascorbic acid 
content reduction was observed in all samples, 
as well as reduction in nitrosopigments (Table 4) 
and color stability (Table 3), which was 
conditioned by  the oxidation processes due to 
air oxygen impact. 
On the 8th day of storage, experimental samples 
No 2 and No 3 had the acid value 17-25% lower 
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with the reduced dose of sodium nitrite addition 
was similar to the control (Table 5). 
Table 5 Analysis of the oxidative spoilage indices 
of the smoked cooked neck samples during storage 









1 0.87 1.03 0.031 
2 0.83 n/d 0.031 
3 0.73 n/d 0.040 
4 0.97 0.71 0.047 
12 days 
1 1.69 2.04 0.049 
2 0.97 1.96 0.047 
3 1.74 2.37 0.052 
4 2.51 3.70 0.065 
 
The peroxide values in samples No 1, No 2 and 
No 3 were in the range 1.46-1.84  mmol О2/kg at 
the 8th day. The lowest peroxide values during 
storage were found in sample No 2 (1.96 at 12th 
day). The thiobarbituric values in samples No 1, 
No 2 and No 3 at day 8 were approximately at 
the same level of 0.042 to 0.048 mg /kg. 
The results of the microbiological investigations 
of the samples of smoked cooked neck showed 
that the number of mesophyll aerobic and 
optional-anaerobic microorganisms 
(QMA&OAMO) did not exceed the norm of 
1x103 CFU/g of a  product during 8 day storage. 
Escherichia coli group bacteria (coli-forms), 
sulfite-reducing clostridia and pathogens 
(including salmonella) were not detected in all 




The results of the research demonstrated that the 
use of nanotechnological form of ascorbic acid 
in smoked cooked neck production in the 
quantity of 30 g/100 kg of unsalted raw material 
(in the composition of brine with the level of 
injection 30%): 
- with the dose of sodium nitrite of 10 g 
provided the high consumer properties, low 
indices of oxidative and microbiological 
spoilage during storage for 8 days; 
- with the reduced dose of sodium nitrite (5 g) 
provided the indices of quality and safety for 8 
day storage at the level of the finished product 
samples made with the use of 50 g of the 
traditional form of ascorbic acid and the full 
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Abstract – One of the most important research 
directions is examination of properties of meat 
raw material from different animal genotypes in 
order to use it effectively in high quality meat 
products production technology. Quality 
characteristics of meat raw material from various 
genotypes differ in physico-chemical, nutritional, 
biochemical, functional-technological and sensory 
indicators dependent on various technological 
methods and animal genetic peculiarities. The aim 
of the work was to study pig genotype effects on 
meat raw material aroma formation in 
dependence of various technological methods of 
processing. Physico-chemical, multi-sensory and 
chromatographic methods were used in the work. 
It was found that aroma intensity in meat raw 
material from purebred and two-breed cross 
animals was 22.2% higher than in three-breed 
cross animals, which was conditioned by the 
higher content of ketones, volatile fatty acids and 
free amino acids in the gas phase. Curing with 
table salt increased odor intensity more than twice 
and with phosphate no more than 1.2 times. The 
largest area of visual fingerprints was observed 
when using a complex “table salt+ phosphate” as 
curing ingredients. Odor intensity of meat raw 
material samples from purebred and two-breed 
cross animals after thermal treatment was     46% 




Under current conditions, the strategic direction 
of animal husbandry is the production of high 
productive animal breeds. The selection of 
prospective genotypes enables increase in meat 
productivity and improvement in quality 
characteristics of meat raw material. Nowadays, 
a special emphasis is made on animal breeds that 
meet modern requirement of the market 
according to the specific criteria. In assessment 
of quality of cattle different breeds, the 
important indicators are the chemical 
composition, organoleptic, structural-mechanical 
and functional-technological properties of meat 
raw material, and consumer characteristics. It 
was noted that moisture holding capacity, pH 
value, chemical composition of muscle and fat 
tissues in hybrid animals are significantly lower 
than in purebred animals, which is, certainly, 
reflected in structural-mechanical and sensory 
peculiarities of meat products such as 
consistency, taste and odor (1,2,3,4). The aim of 
the work was investigation of pig genotype 
effect on meat raw material aroma formation 
dependent on the various technological means of 
processing using modern instrumental methods. 
 
II. MATERIALS AND METHODS 
 
Meat raw material from pigs of different breeds 
and combination of breeds (Large White; 
Landrace; Large White x Landrace; Large White 
x Landrace x Durok) in cooled condition, after 
curing and thermal treatment were used as a 
subject of research. Physico-chemical, 
biochemical and sensory examination of the 
initial raw material and raw material after curing 
and thermal treatment were carried out 
according to the conventional methods. The 
traditional brine composition, which included 
salt, sugar, phosphates and drinking water, was 
used for curing. Raw material was cured by 
injection method. The brine was injected in the 
quantity of 25% to the raw material mass. Meat 
raw material was subjected to aging for 20-24 
hours. After curing, meat raw material was 
placed in polymer bags and heated to the 
temperature of 70-72oC in the center of the 
product. 
The qualitative and quantitative composition of 
aromatic substances in the gas mixture of the 
meat raw material and product samples was 
conducted by multi-sensory analysis using the 
“VOCmeter” instrument and Gas 
Chromatograph HP 7890; detection was carried 
out with use of Mass Selective Detector MSD 
5975C with MSD Productivity ChemStation 
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Enhanced Software. The fatty acid composition 
was examined by gas chromatography. 
 
III. RESULTS AND DISCUSSION 
 
Meat raw material obtained from the three-breed 
cross animals was characterized by higher 
content of protein mass fraction (by 13.8%) and 
lower content of fat mass fraction (29.3%) 
compared to purebred and two-breed cross 
animals. The same tendency in the product 
retained after thermal treatment. The 
examination of the curing effect on meat raw 
material from different breeds revealed that 
moisture binding capacity after curing of pork 
from purebred and two-breed cross animals was 
higher by 6.5% and 6.3%, respectively, and 
three-breed cross animals by 4.7% compared to 
the initial raw material, despite the fact that the 
initial values of pH differed insignificantly (by 
0.04 units). Comparative study of the thermal 
treatment effect on the functional-technological 
properties of pork showed that the highest losses 
after thermal treatment were in the meat samples 
from three-breed cross animals (30.0%). 
Lower functional-technological properties of 
raw material from three-breed cross pigs are 
associated with morphological changes in 
muscle tissue structure, because the genotype 
influence is reflected not only in the indicators 
of growth and development, performance and 
the ratio of muscle and fat tissues, but also in the 
clear genetically dependent differences in 
structure and thickness of muscle fibers. 
Breeding of pigs with high proportion of muscle 
tissue resulted in increase in the content of the 
fraction of the second type (glycolytic) muscle 
fibers with the reduction of the fraction of the 
first type (oxidative) muscle fibers, and their 
enlargement and increase in the diameter of 
muscle fibers of all types. These morphological 
changes in pigs negatively affect meat quality.  
In addition to the muscle fibers average size, an 
important role in meat quality formation plays 
the ratio of different types of muscle fibers. 
Muscle tissue of three-breed cross pigs has 39.9% 
less first type fibers, which are rich in myoglobin. 
With this connection, the redness index of pork 
from purebred and two-breed cross animals is 
27.0% higher, and the lightness index is 10.5% 
lower than in pork from three-breed cross 
animals. The fibers of the first type are 
characterized by looser packing of myofibrils 
and higher content of sarcoplasma. The results 
of the examination showed that the quantity of 
myofibrillar and sarcoplasmic proteins in meat 
of two-breed cross animals is 4.5% and 6.1% 
higher, respectively, compared to the three-breed 
cross animals. With increase in the muscle fiber 
diameter by 10%, shear strength increases by 20-
30%. Second type muscle fibers are 
characterized by aerobic glycolytic metabolism 
and have large diameter; in response to exercise 
they react with higher formation of lactic acid 
compared to the oxidative muscle fibers. In 
response to negative impacts, multiple bands and 
nodes of supercontraction are formed in the 
muscle fiber structure on the basis of the 
ultrastructural changes that negatively affect 
water binding capacity of muscle tissue. 
The quantity of myofibrillar and sarcoplasmic 
proteins both in the initial raw material and in 
the raw material after thermal treatment was 
higher in the meat raw material samples from 
purebred and two-breed cross animals compared 
to three-breed cross animals. The content of 
myofibrillar proteins in the initial raw material 
from purebred and two-breed cross pigs was 4.3 
and 4.5 % higher, and after thermal treatment 3.7 
and 3.8 % higher; the content of sarcoplasmic 
proteins in the initial raw material from purebred 
and two-breed cross pigs was 4.9 and 5.1 % 
higher, and after thermal treatment 2.0 and 2.5 % 
higher, respectively, than in three-breed cross 
animals. 
Digestibility determined by tyrosine in the initial 
raw material was higher in pork from purebred 
and two-breed cross pigs (by 3.8 и 3.6 %, 
respectively), and in the raw material after 
thermal treatment by 4.3 % compared to the pork 
from three-breed cross animals. Digestibility 
determined by pepsin in the initial raw material 
and in the raw material after thermal treatment 
was practically at the same level.  
The raw material of the studied animal breeds 
slightly differed in the content of the aromatic 
amino acids. In the initial raw material from 
purebred and two-breed cross animals the 
content of aromatic amino acids was 15.8- 15.3 % 
higher, and after thermal treatment 11.9- 11.7 % 
higher, respectively, than in three-breed cross 
animals. 
The comparative multi-sensory analysis of the 
gas phase volatile components of meat raw 
material from different genotypes revealed that 
aroma intensity was 22.2% higher in meat raw 
material from purebred and two-breed cross 
animals compared to three-breed cross animals. 
More pronounced odor of pork samples from 
two-breed cross animals was due to the higher 
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content of ketones, volatile fatty acids and free 
amino acids in the gas phase. 
Chromatographic method of examination 
proved the data of multi-sensory analysis. The 
gas phase of pork samples from three-breed 
cross animals contained 8 times less aromatic 
heterocyclic compounds, 76.9% and 39.1% 
less, respectively, alcohols and ethers and 
esters, volatile saturated carboxylic fatty acids 
with carbon chain C2- C8 and no unsaturated 
hydrocarbons compared to the purebred and 












Figure 1. The composition of the volatile gas phase 
of meat raw material samples: a) Landrace; b) 
Large White; c) Large White x Landrace; d) Large 
White x Landrace x Durok) 
 
Multi-sensory analysis of the pork samples 
after curing demonstrated that the aroma 
intensity of meat from purebred and two-breed 
cross animals was 25.5% higher compared to 
three-breed cross animals, as evidenced by the 
odor “visual fingerprints”.   
Thermal treatment resulted in significant 
changes in qualitative and quantitative 
composition of the volatile fraction, which 
determines meat aroma. In the process of 
thermal treatment, the content of alcohols in the 
gas phase of meat samples from purebred and 
two-breed cross animals increased 8.3 and 6.5 
times, respectively, the content of volatile fatty 
and carboxylic acids, heterocyclic compounds 
increased 2.9 and 2.8 times, ketones and 
aldehydes 8.5 and 4.7 times, respectively, 










































































Figure 2. The composition of the volatile gas phase 
of meat raw material samples after thermal 
treatment: 
a) Landrace; b) Large White; c) Large White x 
Landrace; d) Large White x Landrace x Durok) 
 
It was established by the chromatographic 
method of examination that the gas phase of 
pork samples from two-breed cross animals 
contained 69.7% more alcohols, 38.8% more 
ethers and esters, 50% more volatile fatty acids 
and aromatic cyclic compounds, 42.2% more 
aldehydes and ketones  compared to  three-breed 




The results of the conducted study show that 
meat raw material from animals of different 
breeds differ in physico-chemical, biochemical, 
functional-technological  and sensory indicators 
dependent on their genetic peculiarities. In this 
connection, it is necessary to select animals with 
respect to the current consumer requirements of 
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Abstract – The modern trends in the area of 
packaging are directed at the increase in the 
assortment and volume of use of combined 
materials and edible coatings, which are capable 
of improving consumer properties of meat 
products, extending products shelf life, preventing 
finished product loss during transportation and 
storage. In this connection, the development of 
production technology of edible coatings from 
collagen with incorporation of CO2 extracts of 
spices, which have antioxidative and aromatizing 
properties, into their composition is of profound 
interest. During the research with use of multi-
sensory system “VOCmeter”, the comparative 
analysis of aroma characteristic alterations in 
smoked-cooked meat products without collagen 
films and with the collagen films with nutmeg CO2 
extracts was carried out. The obtained results 
showed that the experimental samples of meat 
products had more pronounced organoleptic 
characteristics and were stable to the 




Nowadays, organoleptic properties such as taste 
and aroma are of considerable importance for 
consumer in terms of a product selection along 
with appearance, color, shelf life and 
manufacturer trade mark.  
Finished product aroma that emphasizes its 
individual organoleptic characteristics is formed 
by used compositions of various natural spices. 
In food industry, CO2 extracts are applied quite 
widely instead of dry spices. Their application 
imparts necessary aroma to a product; and, 
thereby, regulates flavor properties of a food 
product. As majority of plant CO2 extracts have 
antioxidative and antibacterial properties in 
addition to their main function of imparting a 
product necessary organoleptic properties, their 
use enables prevention of product spoilage 
extending its shelf life [1]. 
Recently, addition of different components in 
packaging materials and casings in order to 
impart them various properties, particularly, 
flavoring, antioxidative, antimicrobial and so 
forth, has become topical.  
VNIIMP has carried out the scientific research 
on investigation of the properties of a packaging 
material on the basis of collagen containing CO2 
extracts of spices. Previous investigations 
showed that collagen films with CO2 extracts of 
spices had improved organoleptic and physico-
chemical indices, and possessed antimicrobial 
activity [2,3]. 
The objective instrumental assessment of 
smoked-cooked meat products produced without 
collagen films and packed in modified collagen 
films was carried out with “VOCmeter” 
instrument. 
One of the main advantages of the “electronic 
nose” system is the possibility to use it for 
complex analysis of volatile components that 
form the specific odor and aroma of a product 
and present it as a characteristic fingerprint.  
The aim of the study was conducting a 
comparative analysis of smoked-cooked meat 
products by multisensory method, and 
establishing the extent of the aroma intensity 
alterations of finished products during storage. 
 
II. MATERIALS AND METHODS 
 
The subjects of the research were: 
- Collagen films;  
- Collagen films with 5% of nutmeg CO2 extract  
- The samples of smoked-cooked meat products 
(control – carbonade without a film; experiment 
1 – carbonade packaged in collagen film; 
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experiment 2 – carbonade packaged in collagen 
film with nutmeg CO2 extract). 
For investigation, we used “VOCmeter” 
instrument from AppliedSensor (Germany), 
which represents a system containing four MOS 
sensors (metal oxide sensors) and eight QMB 
sensors (quartz microbalance sensors). The 
instrument is intended for qualitative and 
quantitative assessment of gas mixtures [4]. 
Examinations of the samples of smoked-cooked 
carbonade using “VOCmeter” instrument was 
carried out on day 0 (background) and day 10 of 
storage; to do this, three specimens were taken 
both from the surface and deep layers of the 
product.  
In order to take a specimen from a surface layer 
of a sample (not more than 5 mm), the necessary 
quantity of a product was cut out; 3.0 g were 
weighted on the laboratory scales with the error 
not more than 0.2 g and placed into a special 
glass container (vial), which was then sealed.  
In order to take a specimen from a deep layer of 
a sample, a top layer of a product was removed 
from a sample surface (not less than 5 mm), and 
the necessary quantity of a product was cut out 
from the new surface; 3.0 g were weighted on 
the laboratory scales with the error not more 
than 0.2 g and placed into a vial, which was then 
sealed. 
 
III. RESULTS AND DISCUSSION 
 
The results of the multi-sensory analysis of the 
surface layer of the smoked-cooked meat 
products presented in Fig. 1 showed that on day 
0 the control sample had the smallest area of the 
visual fingerprint in terms of the aroma intensity 
(Svf=29.58 x 107) compared to experimental 
sample 1 (Svf=31.39 x 107) and experimental 
sample 2 (Svf=36 x 107). However, the 
experimental samples also had some differences, 
as the factor affecting the formation of the more 
pronounced aroma of experimental sample 2 was 
the nutmeg extract. 
On day 10, rapid increase in the visual 
fingerprint area was observed in the control 
sample, which indicated that more intensive 
oxidative processes and microbiological spoilage 
occurred on the product surface. At the same 
time, the change in the visual fingerprint area of 
experimental sample 2 on day 10 was not 
significant. The obtained results showed that the 
surface spoilage occurred with less degree in the 
experimental sample packed in the collagen 
films with nutmeg CO2 extract, which 
demonstrated the inhibitive effect on the 
development of undesired microflora on the 
surface of the finished product. 
Fig. 2 presents the dynamics of the changes in 
the aroma intensity in the deep layers of the 
smoked-cooked meat products, which reflects 
the process of aromatic substances diffusion into 
the product. 
 
Figure 1. Changes in the area of aroma visual 
fingerprints of the smoked-cooked carbonade during 
storage (surface layers) 
 
Figure 2. Changes in the area of aroma visual 
fingerprints of the smoked-cooked carbonade during 
storage (deep layers) 
Analysis of the obtained results indicates that the 
area of visual fingerprints of the control sample 
(Sfv=41.24 x 107) was less compared to 
experimental samples 1 and 2 (Sfv=43.17 x 107 
and Sfv=45.45 x 107) due to the presence of the 
nutmeg CO2 extract in the collagen film, which 
enhanced the aroma of the film and penetrated 
deep into the product. 
On day 10, the area of the visual fingerprints of 
the control sample was Sfv=34. 94 x 107 and was 
larger than those in the experimental samples 
which was associated with the increase in odor 
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oxidation and protein destruction. At the same 
time, these processes were delayed in the 
experimental samples due to the protective film 




Results obtained by multi-sensory method allow 
us to make a conclusion that the samples of the 
smoked-cooked carbonade produced in modified 
collagen films had more pronounced 
organoleptic characteristics and possessed the 
stability to microbiological spoilage during 
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Abstract – The paper describes the process of 
organoleptic properties formation in the Russian 
uncooked smoked sausage “Braunschweigskaya”, 
which was produced according to the original 
fermentation technology of the V.M.Gorbatov All-
Russian Meat Research Institute, in the presence 
of the modifying mixtures of starter cultures 
Lactobacillus plantarum/ Staphylococcus carnosus 
and Lactobacillus plantarum / Micrococcus varians. 
The changes in the pool of chemical substances 
that form taste and aroma of the national product 
associated with the presence of the bacterial 
cultures and addition of cardamom and black 




The process of aroma formation in uncooked 
smoked sausages has been studied by national 
and foreign scientists for decades (1-5). The 
interest to this question is generated by a range 
of objective reasons. First of all, uncooked 
smoked sausages are a product of the lengthy 
production process with high consumer cost. 
Second, their production presents the complex of 
compound microbiological and biochemical 
processes including fermentative, proteolytic and 
oxidative transformations, the end result of 
which is so far difficult to predict even in the 
conditions of the well established technological 
process. Third, alteration of the concept of safety 
and quality of uncooked smoked sausages under 
the influence of new knowledge forces to search 
for the new directions for a technological 
process modification and study their impact on 
formation of the traditional consumer quality of 
a product. 
At present, the scientific research performed 
abroad has established more than 400 key 
components determining the taste and aroma of 
the traditional fermented sausages produced in 
different countries. This research has been 
carried out not only in France, Italy, Spain and  
Belgium, but also in Portugal, Chili, Mongolia 
and other countries (6-8). 
One of the most popular fermented products in 
Russia is uncooked smoked sausage 
“Braunschweigskaya”, key aroma compounds of 
which have not been studied by the 
contemporary chromatographic methods. During 
the last decades, this sausage has been produced 
by industrial enterprises using starter cultures 
that contain Staphylococcus. Staphylococcus, in 
particular, Staphylococcus carnosus facilitates 
the formation of product specific aroma by 
amino acids transformation (including branched-
chain amino acids, leucine, iso- leucine and 
valine) and free fatty acids. Aroma formation 
also depends on the sausage type and technology 
of their production. In case of fast ageing 
sausages, application of Staphylococcus 
facilitates the formation of methyl branched 
aldehydes. In case of slow ageing sausages, 
application of Staphylococcus in large quantities 
facilitates formation of methyl branched acids 
and sulfites, and at the low level of their addition, 
the diacetyl and ethyl esters are formed. 
Furthermore, addition of nitrite, nitrate or 
ascorbates, parameters of the preliminary growth 
of cultures and environmental factors also 
influence the aromatic compounds formation.  
Application of Staphylococcus, which generates 
a large quantity of aromatic compounds, enables 
improvement of the organoleptic quality of 
uncooked smoked sausages and acceleration of  
the fermentation process. Micrococcus as starter 
microorganisms are considered less effective 
compared to Staphylococcus. However, 
application of Staphylococcus in the composition 
of starter cultures can be accompanied by the 
risk of development of the enterotoxigenic 
strains of Staphylococcus aureus due to the 
impossibility of performing an effective 
microbiological control in the presence of the 
technological related microflora. In this 
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connection, taking into account the impact of the 
production technology of a particular sausage, 
the study on the comparative assessment of the 
aroma of the traditional uncooked smoked 
sausage “Braunschweigskaya”, when 
substituting the Staphylococcus strain by the 
Micrococcus strain in the composition of the 
starter culture, was of practical interest.  
The aim of the work was the comparative study 
of organoleptic properties formation in uncooked 
smoked sausages with use of Staphylococcus 
and Micrococcus in the composition of the 
starter cultures. 
 
II. MATERIALS AND METHODS 
 
The subjects of research were the samples of 
uncooked smoked sausage of 
“Braunschweigskaya” type produced  
industrially  without starter culture addition 
(control sample “C”), with addition of the starter 
culture, contained Lactobacillus plantarum + 
Staphylococcus carnosus (experimental sample 
«А»), and with addition of the starter culture, 
contained Lactobacillus plantarum + 
Micrococcus varians (experimental sample “B”). 
Control and experimental samples were made 
from sausage meat contained 45% of lean beef, 
25% of lean pork and 30 % of back fat. Nitrite 
salt was added in the quantity of 3%, glucose 
0.3%, cognac 0.25%, black pepper 0.1%, 
cardamom 0.05%, ascorbic acid 0.05% to the 
mass of sausage meat.  
When preparing the experimental sausage 
samples, one Lactobacillus plantarum strain and 
Staphylococcus carnosus and Micrococcus 
varians strains were added on the basis of their 
addition to the sausage meat at the level of 107 
CFU/g.  Prepared sausage meat was stuffed into 
the artificial sausage casing “fibrouse” with 48 
mm diameter forming links with weight of 300 g. 
All samples were setted at the temperature of 
+2…+4оС for 24 hours. After setting, sausage 
links were placed to a climatic chamber and hold 
at the temperature of +24….+25.5оС and relative 
humidity not higher than 95% until the drop of 
the product pH value not higher than 5.2. After 
this, the humidity in the chamber was reduced to 
the values not higher than 92% and began to 
perform smoking by steps, with 90 min duration 
of each step. With that, the temperature and 
humidity in the chamber were gradually reduced 
during 8 days to 14оС и 74%, respectively. Then 
the uncooked smoked sausage samples were 
dried at the temperature of 12–14оС until 
achieving the ultimate product moisture not 
higher than 32% (Fig. 1). 
Analysis of the aroma volatile components 
composition was performed on the gas 
chromatograph 7890А with the Mass Selective 
Detector 5975C VL MSD  Agilent Technologies 
(USA).  Extracts (1:1) by 40% aqueous ethanol 
and extracts by chloroform/methanol using 
Folch method with subsequent methylation by 
the solution of acetyl chloride in methanol were 
used. The calculation of the component content 
(the names are presented according to IUPAC) 
with mass content in the aromatic mixture of 
substances more than 0.01% was performed with 
use of automatic search base and data 
identification NIST08 MS Library with the 
probability of peak correspondence more than  
65%. 
 
III. RESULTS AND DISCUSSION 
 
It is seen from the obtained results that the 
sausages with the added cultures have the 
distinctive substance composition determinating  
the aroma of sausage “Braunschweigskaya”. 
Substance pool, which is eventually formed 
under the influence of the starter cultures and 
technological operations, is practically unique. 
It is known that many organic substances have a 
characteristic taste; for example: indolisin –   
cucumber, 2- nonenal – watermelon,  
tetradecanic acid - balsam, frankincense, 1-
octen-3-ol - mushrooms; n-decan and quaiacol –
tobacco, indole - fruit; pentadecanal – burnt 
wood and so forth [11]. 
The composition of the aromatic components in 
the defatted sample of sausage 
“Braunschweigskaya”  with Lactobacillus 
plantarum + Staphylococcus carnosus, includes 
(µg/kg): 2-methoxy-phenol 5.29; methoxy-
phenyl-oxime 0.37; malic acid 0.20; 2-methoxy-
4-methyl-phenol 1.02; hexadecane 0.60; 1-
bromodocosane  0.10;  tetradecane  0.54; 1-
methyl-4-(1-methylethyl)-1,3-cyclohexadiene 
0.62; 2,6-dimethoxy-phenol 1.03;  4-methoxy-3-
(methoxymethyl)-phenol 0.78;  heneicosane 0.95;  
7-hexyl-tridecane 1.63;  6-methyl-tridecane 0.93; 
5-methoxy-4-methyl-1-heptene 0.20; 
hentriacontane  1.19; hexadecane 0.88;  3,6-
dimethyl-undecane 0.32; ethyl tridecanoate  1.99;  
5-hydroxy-2-methyl-3-hexenoic acid 0.07; 
propyl-2-ethylhexanoate  0.57;  9-hydroxy-2-
nonanone 0.21; n-propyl-9-tetradecenoate  1.82; 
hexadecanoic acid, methyl ester  0.92; 
hexadecanoic acid, ethyl ester  21.41; 3,5-
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dinitro-benzonitrile 0.05; decanoic acid, methyl 
ester  0.23; 1-hexadecanol 2.21;  eicosane  0.21; 
ethyl oleate  28.25; heptadecanoic acid, ethyl 
ester  2.14; octadecanoic acid, ethyl ester  8.96; 
octahydro-2-methylene-4,7-methano-1H-indene 
0.20;  nonadecane  0.83; octahydro-4a,5-
dimethyl-3-(1-methylethyl)-2(1H)-
naphthalenone 1.04. 
The aromatic components in the defatted sample 
of sausage “Braunschweigskaya”  with 
Lactobacillus plantarum + Micrococcus varians, 
include (µg/kg): 2-methoxy-phenol 6.41; 6-
ethoxy-pyridin-2-amine 0.33; 2-methoxy-4-
methyl-phenol 3.33;  D,L-arabinose 0.27; 1-
iodo-tridecane 0.57; 4-ethyl-2-methoxy-phenol 
1.42; 3-methyl-5-propyl-nonane 0.28; (+)-4-
carene  0.54; 2,6-dimethoxy-phenol 0.98; 4-
aminobutanoic acid  0.21; 4-methoxy-2-methyl-
1-(methylthio)benzene 0.65; heptadecane 1.07; 
octadecane 8.18; 5,5-dimethyl-3-(3-methyl-
oxiran-2-yl)-cyclohex-2-enone 0.19;  N-
cyclohexyl-3-nitro-4-pyridinamine 0.60; 3,5-
dichloro-2,6-dimethyl-4-pyridyl ester 0.12; 2-
bromo dodecane  1.08; docosane 0.71; nonanoic 
acid, ethyl ester 1.95; 2-methyl-propanamide 0.4; 
2,4,6,8-tetramethyl-13-tetradecenoic acid 0.5; 2-
dodecanone 0.4; heneicosane 0.89; methyl 
hexadec-9-enoate  2.02; hexadecanoic acid, ethyl 
ester     19.26; 2-(p-tolyl)ethylamine 0.08; 9-
eicosene 2.62; 2-methyl-decane 0.27; ethyl 
oleate 28.53; octadecanoic acid, ethyl ester 16.08; 
5-acetoxypentadecane 2.10; 2,2-dimethyl-5-
methylene-bicyclo[2.2.1]heptane 0.23; Z-7-
hexadecenoic acid 1.12; eicosane 1.00; 3,3-
dimethyl-2-(phenylselenyl)butanoic acid, 2-
methylbutyl ester 0.88. 
The composition of the aromatic components in 
the defatted sample of sausage 
“Braunschweigskaya”  produced without 
cultures (control) include (µg/kg):                      
2-methoxy-phenol 3.61; 2-methoxy-4-methyl-
phenol 0.91; tetradecane 0.41; 4-ethyl-2-
methoxy-phenol 0.72; 4-amino-5-imidazole 
carboxamide 0.20; hentriacontane 0.35;   (+)-4-
carene 0.53; 2,6-dimethoxy-phenol 1.00; 2-
methoxy-5-nitro-benzenamine 1.15;  hexadecane 
0.3; octadecane 1.12; N-acetyl-dl-serine, methyl 
ester  0.44; 3-chloro-1,2-propanediol 0.07; 4-
phenyl-pyrimidine 0.01; eicosane 0.67; 
octacosane 0.56; 3,6-dimethyl-undecane 0.18;  
tetradecanoic acid, ethyl ester 1.45; N-allyl-
oxalic acid, monoamide 0.39; 2-pentadecanone 
0.36; octacosane 0.62; E-11-hexadecenoic acid 
1.79; hexadecanoic acid 0.12; cyclohexadecane 
2.35; 2-methyl-decanoic acid 0.19; eicosane 0.12; 
9-octadecenoic acid 30.69; octadecanoic acid 
17.85; 15-hydroxypentadecanoic acid  2.84; 
Z,Z,Z-1,4,6,9-nonadecatetraene 0.22; 1-
cyclohexylnonene 0.81; octadecane 0.70; N-
ethyl-ethanamine 0.21; 13-octadecenal 1.56; 3-
(dimethylamino)-2-propenoic acid, methyl ester 
0.74; 3,7-dimethyl-2-octen-1-ol 0.15; 
benzo(a)pyrene-6-methanol 0.07; 17-hydroxy-
pregna-1,4-diene-3,20-dione 0.07;  4-methoxy-
6-morpholin-4-yl-[1,3,5]triazine-2-carboxylic 
acid amide 0.10;  methyl 3-
diethylphosphonoacrylate 0.10;  6-(2-
formylhydrazino)-N,N'-bis(isopropyl)-1,3,5-
triazine-2,4-diamine 0.13; benzothiophene-3-
carboxylic acid 0.10; 3-hydroxy-4-
methoxybenzyl alcohol 0.03;   1,1'-
binaphthalene 0.05;  2-hydroxy-1H-isoindole-
1,3(2H)-dione 0.06;  1-azido-2-nitro-benzene 
0.08;  1-adamantanecarboxanilide 0.10;  11,12-
dihydroxyseychellane 0.07;  1',2'-
epoxyhexobarbital 0.04; 2-methylaminomethyl-
1,3-dioxolane 0.12;  2-acetylamino-3-(4-ethoxy-
phenyl)-acrylic acid 0.10;  4-phenyl-3,4-
dihydroisoquinoline 0.08;  N-methyl-1-
adamantaneacetamide 0.12;  1-acetyl-4-[1-
piperidyl]-2-butynone 0.05;  2-
(benzylideneamino)fluorene 0.04;  2-nitro-
benzaldehyde 0.11; N-(2'-acetyl-4',5'-
dimethoxyphenyl)-4-methoxy-benzamide 0.05;  
3,4-dimethyl-N-(4-methylthiobenzylidene)-
benzenamine 0.09;  hexahydropyridine 0.06; 1H-
pyrazolobisthiolium 0.13; 2-hexadecyl-2,3-
dihydro-1H-indene 0.09; 4-[N-
methylpiperazino]-5-nitro veratrole 0.05; 7-
chloroquinoline-2,4-dicarboxylic acid 0.08; 2-
acetylamino-3-(4-ethoxy-phenyl)-acrylic acid 
0.08; 3,5-dibromo-4-pyridinol 0.12; 3-O-methyl-
D-glucose 0.07; 8-hydro-thiazolo[3,2-




aminophenyl)-2-phenyl-acrylic acid, methyl 




1,2,4-Oxadiazole-5-carboxamide 0.05;  




0.07; 4-methylthiophene-3-sulfonamide 0.04;  
2,2-diphenylpropionitrile 0.08;  1-(5-bromo-4-
nitro-2-thienyl)ethan-1-one 0.08. 
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Table 1 The main aromatic substances of 
“Braunschweigskaya” sausages, mg/kg: A – 
sausage product with Lactobacillus plantarum + 
Staphylococcus carnosus; B – sausage product with 
Lactobacillus plantarum + Micrococcus varians 
cultures; C – control sample without cultures 
 
          Name                                А       B         C 
3-Phenyl-1H-quinolin-2-one      –        –       0.12 
1-Ethyl-2-phenyl-1H-indole       –      0.51      – 
Decanoic acid, methyl ester       0.06   0.32    0.26 
Nonanoic acid, methyl ester       0.41    1.33   1.53     
Methyl dodecanoate                   0.57    1.64   1.89 
Methyl tetradecanoate                7.78    6.57   7.89 
Methyl  pentadecanoate             0.48      –         – 
9-Hexadecenoic acid                    –         –      3.21 
Methyl  hexadec-9-enoate         9.42     5.49      –      
Hexadecanoic acid, methyl      13.47   19.53 12.19 
ester     
Methyl cis-10-heptadecenoate  2.32        –         – 
Heptadecanoic acid, methyl      3.35        –        – 
ester    
Methyl (Z)-9-octadecenoate     26.0     18.96  14.8 
Methyl cis-10-nonadecenoate   1.13     4.69    0.41 
5,8,11,14-Eicosatetraenoic        2.81       –         – 
acid 
cis-5,8,11-Eicosatrienoic acid   1.65       –         – 
Methyl octadecanoate                  –          –      0.36 
Octadec-9-en-1-al dimethyl         –          –      2.71 
acetal   
Z-6,17-octadecadien-1-ol            –        2.48      – 
acetate    
2-Octyl-cyclopropaneoctanoic    –          –       4.81 
acid 
Methyl cis-13-eicosenoate         12.04     –         – 
 Eicosanoic acid                           1.85     –      5.78 
3,7,11-Trimethyl-2,6,10-             –          –      0.46 
dodecatrien-1-ol 
2,4-Dinitro-5-fluoroaniline          –        0.72     – 
Arachidonic acid                          –        6.65     –        
Methyl  7,10,13-eicosatrienoate   –        3.89     – 
1,9-cyclohexadecadiene               –        3.17     – 
5-Nonadecen-1-ol                         –          –   10.46 
11-Hexadecen-1-ol, acetate          –        6.66     – 
Methyl 6-octadecenoate               –          –      1.16 
Methyl 18-methyl                         –        3.35      – 
nonadecanoate  
Methyl  8,11,14,17-                     0.61    0.42  3.73 
eicosatetraenoat 
9-Octadecenal                              4.46      –        – 
Ethyl 5,8,11,14,17-                       –        4.11  7.23 
icosapentaenoat 
Palmitoyl chloride                       1.87    0.15  0.19 
2,3-Dihydroxypropyl elaidate       –         –     8.27      
1-Cyclohexylnonene                     –        6.67    –           
Docosanoic acid                          0.27     0.56  0.82 
d-Gulopyranoside                          –        2.59 2.99 
Methyl 10-nonadecenoate             –          –    0.32 
Methyl tetracosanoate                   –          –    0.17 
Cholesterol                                    0.11   0.41 0.63 
1-Docosene                                   0.12     –       – 
Octacosyl acetate                            –      0.21    –                
13-Tetradecen-1-ol acetate             –       –      0.24 
 
The quantity of the aromatic components was 
much more here compared to the quantity of the 
other substances from the same but defatted 
samples. 
 
Figure 1 Sausage samples during fermentation  
It appears that the data obtained suggest that 
the taste of the national Russian product, 
sausage “Braunschweigskaya”, is mostly 
determined by the combination of the basic 
substances repeated in all samples (Table 2); 
first of all the derivatives of fatty acids – 
decanoic, hexadecanoic, 9-octadecenoic, 
palmitic, docosanoic, 8,11,14,17-
eicosatetraenoic, cis-10-nonadecenoic, 
nonanoic, dodecanoic, tetradecanic, 
cholesterol derivatives and impurities of all 
other components of aromatic substances 
presented in tables 1 and 2 and participating in 
taste and aroma formation in sausage 
“Braunschweigskaya”. Formation of taste 
gamut occurs due to the used spices and the 
enzymatic activity of the microbial cultures 
that break up meat raw material components 





Thus, the target addition of some microbial 
cultures enables correction of taste gamut of the 
national meat produce conditioned by the 
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EXPRESS-METHOD OF MEAT RAW MATERIAL ASSESSMENT BY 
SPECIFIC ELECTRICAL CONDUCTION 
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Abstract – On the basis of the performed complex 
investigations and established relationships, the 
method of meat raw material assessment by 
specific electrical conduction, which has a high 
degree of correlation with indices characterizing 
meat quality was developed and tested in 
industrial conditions. The advantages of this 
method are its applicability in real time, 
universality for any type of meat and high 
sensitivity. Regarding identification of thawed 
meat, the developed method does not have 
analogues among the methods used in meat 
industry. The methodology of meat raw material 
quality assessment by specific electrical 
conduction was developed and a prototype 
instrument for measurement of meat specific 




Meat is a valuable type of raw material, which is 
a source of full value protein. Meat as a 
biological system is multicomponent in 
composition,  heterogeneous in morphological 
structure and functional-technological properties, 
and labily changes its characteristics and quality 
under the influence of external factors.  
A wide array of properties characterizing 
nutritional and biological value, organoleptic, 
structural-mechanical, functional-technological 
sanitary-hygienic  and other traits of a product, 
as well as the degree of their intensity is implied 
by the term of meat quality.  
One of the most important tasks of the quality 
control is implementation of analysis express- 
methods into practice, which enables detection 
of the product quality decrease on the early 
stages or product falsification. 
In this connection, the development of an 
express- method based on specific electrical 
conduction, which permits assessing meat 
freshness, thermal condition and quality, is 




II. MATERIALS AND METHODS 
 
The raw material, which is most typical for 
Russian meat processing plants, was used as the 
subjects of research: 
- rig eye obtained after slaughter of Large White 
x Landrace x Durok (Pietran) cross pigs  in the 
age of 7-8 months having the second category of 
finish and slaughter weight 95-110 kg; 
- rig eye obtained after slaughter of young cattle 
of the Hereford (meat direction of productivity) 
and Simmental (combined direction of 
productivity) breeds, in the age of 16-18 months 
having category “good”; 
- pork and beef in hot, chilled and thawed 
condition as half-carcasses and individual 
muscles. 
Specific electrical conduction (mS/cm) was 
measured with PQM-I from Intek (Germany) 
using the following method: two needles 
(electrodes) were injected into a meat raw 
material sample at the fixed distance from each 
other (1 cm), electrical current was delivered 
through a sample, and meat specific electrical 
conduction was measured. 
 
III. RESULTS AND DISCUSSION 
 
Table 1 presents the results of specific electrical 
conduction measurement of rib eye from chilled 
(3 days of storage) and thawed pork and beef of 
different quality groups. Beef of the PSE quality 
group was not found as a result of the 
organoleptic evaluation and pH measurement.  
Performed analysis showed that specific 
electrical conduction changed depending on the 
quality group, meat thermal condition and type. 
With this, the value of specific electrical 
conduction of pork was insignificantly higher 
(on the average, 0.48 mS/cm) than in beef. 
With the aim of establishing the dependences of 
specific electrical conduction on meat quality, 
we studied physico-chemical, functional-
technological, structural-mechanical and color 
characteristics, and loss of natural moisture in 
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rib eye from chilled (3 days) pork and beef of 
animals from different enterprises (Table 2 and 
Table 3). 
Table 1 Specific electrical conduction of rib eye 
from pork and beef (n=140) 
Indicators 
Specific electrical conduction, 
mS/cm 
 pork beef 
Quality group NOR   
chilled 6.14±0.16 5.73±0.17 
thawed 14.52±0.19 14.23±0.21 
Quality group PSE   
chilled 8.15±0.21 - 
thawed 16.39±0.26 - 
Quality group DFD   
chilled 4.87±0.22 3.32±0.18 
thawed 14.36±0.24 14.15±0.20 
 
When characterising electro-physical properties, 
it is necessary to take into consideration the 
following facts: biotissues are compositional 
media with complex structure (both in terms of 
composition and electro-physical properties); 
well conducting body media – biofluids, poor 
conducting body media – membranes and 
interfaces of tissues, which are different in 
structure and properties (bone tissue and others). 
Roughly, meat can be considered a two phase 
system. One of the phases, intercellular tissue, 
which is a semiconductor with prevalence of 
dielectrical  properties,  is quite stable in a living 
organism and changeable in a nonliving 
organism. The second phase is an intercellular 




The high correlation dependence of specific 
electrical conduction on pH value, color 
characteristics and water binding capacity was 
established. Sorting meat raw material into 
quality groups according to the value of specific 
electrical conduction measured at 1 (24) hours 
after slaughter was substantiated and validated. 
It was proved that the value of specific electrical 
conduction of thawed meat was higher than that 
of chilled meat.  
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Table 2. Physico-chemical and functional-technological indicators of rib eye of chilled beef (n=40) 
  
Indicator  Hereford breed Simmental breed Correlation 
coefficient  heifers bull-calves heifers bull-calves 
Specific electrical 
conduction, mS/cm 
5.80±0.83 5.23±0.65 5.74±0.81 5.42±0.77  
- 
pH 5.73±0.08 5.99±0.08 5.69±0.08 5.86±0.07 - 0.916 
Color (CIELab):      
L 38.94±0.40 38.17±0.49 38.54±0.80 38.37±0.41 0.955 
а* 20.24±0.26 18.72±0.48 19.99±0.75 18.72±0.46 0.949 
b* 3.21±0.20 1.83±0.30 2.57±0.47 2.25±0.33 0.970 
Moisture mass 
fraction, %        
71.39±1.42 69.56±0.98 67.98±1.13 66.91±1.08 0.391 
Fat mass fraction, %        8.87±0.25 8.62±0.18 11.50±0.21 10.46±0.24 0.347 
Moisture loss (for 3 
days), % 
2.02±0.32 1.36±0.41 1.86±0.37 1.54±0.37 0.998 
Shear stress, kPa 5.64±0.37 4.78±0.59 6.36±0.66 5.37±0.52 0.766 
 
Table 3. Physico-chemical and functional-technological indicators of rib eye of chilled pork (n=120) 
 
Indicator  Enterprise Correlation 




















6.71±0.78 6.34±0.88 6.56±1.17 7.03±0.97     
    - 
pH 5.57±0.08 5.75±0.05 5.61±0.08 5.45±0.03 -0.986 
Color 
(CIELab): 
     
L 42.47±0.35 41.57±0.44 42.11±0.65 42.51±0.54 0.895 
а* 19.72±0.30 18.30±0.21 18.63±0.46 19.99±0.21 0.929 
b* 4.97±0.25 3.26±0.27 3.65±0.41 5.27±0.25 0.926 
Moisture mass 
fraction, %        
61.06±1.58 62.13±1.71 61.97±1.32 59.87±1.44 0.498 
Fat mass 
fraction, %        
17.82±1.02 15.68±1.15 16.54±0.98 18.53±0.86 0.357 
Moisture loss 
(for 3 days), % 
3.07±0.35 2.54±0.38 2.83±0.43 3.26±0.47 0.975 
Shear stress, 
kPa 
2.96±0.29 2.89±0.28 2.44±0.28 3.74±0.34 0.773 
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Abstract – The investigation of cardiac and aortic 
tissues of pigs and cattle on Wistar rats with a 
model of experimental atherosclerosis showed the 
presence of pronounced hypolipidemic and anti-
atherosclerotic properties.  The paper presents the 
results of the examination of the composition and 
proteomic-peptide profile of raw material. It has 
been suggested that the cardiac and aortic tissues 
of pigs and cattle contain tissue-specific substances 
involved in lipid metabolism and also expressed in 
endothelium and responsible for reparation of a 
damaged endothelium layer, on which basis the 
conclusion on the prospects for using pig and 
bovine hearts and aortas as bio-correctors of 




The growth of the cardiovascular diseases not 
only attracts the attention of the health care 
system and the policy of the Russian Federation 
in general, but also initiates the development of 
the innovative trend in the food industry toward 
the development and production of the new 
generation of food products having target bio-
corrective activity. During last decades, a wide 
range of methods for imparting functional 
properties to food products is available in meat 
industry: lifetime modification of animal raw 
material, addition of functional ingredients or 
substitution for functional ingredients in the 
production process, fermentation and post-
mortem modification of animal raw material (1-
4).  
We performed a search of an animal raw 
material with a pronounced biocorrective 
activity due to the tissue-specific biologically 
active substances that it contains. One of the top-
priority directions is the study of the 
hypolipidemic activity of cardiac and aortic 
tissues of pigs and cattle. Earlier, we established 
the hypolipidemic activity of cardiac and aortic 
tissues of pigs and cattle on Wistar rats with a 
model of experimental hyperlipidemia and 
atherosclerosis, (6,7). The aim of the present 
study was substantiation of the molecular-
biological principles of hypolipidemic activity of 
cardiac and aortic tissues of pigs and cattle.  
 
II. MATERIALS AND METHODS 
 
The subjects of research were: bovine aorta, 
bovine heart, pig aorta and pig heart. The 
content of nitrogen and protein was performed 
by the Kjeldahl method. Chromatographic 
separation of amino acid mixtures was carried 
out by ion-exchange chromatography. One-
dimentional electrophoresis was conducted by 
the Laemmli method, two-dimensional 
electrophoresis by O'Farrell method.  
  
III. RESULTS AND DISCUSSION 
 
The content of sarcoplasmic proteins, water- and 
salt-soluble proteins is 1.5-3 times lower in 
aortas and 1.2-2 times lower in hearts compared 
to the similar indices of the respective muscle 
tissue. The content of the connective tissue 
protein is 8 times higher in aortas and 2 times 
higher in hearts compared to the similar indices 
of the respective muscle tissue. The content of 
the alkali soluble protein in aortas is 3.5-4.5 
lower compared to the similar indices of the 
respective muscle tissue (Fig.1). The 
concentration changes in the protein fraction 
distribution correspond to the functional -
structural peculiarities of the analyzing tissues. 
A significant increase in the connective tissue 
protein in aortas is explained by the typically 
high content of elastin in this tissue.  
The content of total and protein nitrogen in 
hearts is 1.5-2.5 lower compared to the similar 
indices of the respective muscle tissue. All 
samples had a minimal content of residual 
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Figure 2. Distribution of nitrogen in the test raw 
material 
 
It is necessary to note the significant increase in 
polypeptide nitrogen (9.1 times in pig aorta, 17.9 
times in bovine aorta, 12.9 times in pig heart and 
26.1 times in bovine heart) compared to the 
similar indices of the respective muscle tissue. 
The protein nitrogen:non-protein nitrogen: 
residual nitrogen:popypeptide nitrogen ratio is  
31.2:5.4:4.4:1 and 61.8:8:7:1, for pork and beef, 
respectively. For pig and bovine aorta this index 
was 100.2:33.9:1:32.9 and 105.7:43.7:1:427, 
respectively, for pig and bovine heart – 
31.94:36.8:1:35.8 and 27.0:30.7:1:29.7, 
respectively. 
It is necessary to note that the concentration 
change toward the increase in polypeptide 
nitrogen and non-protein nitrogen occurred due 
to the redistribution and not because of the 
increase in the abovementioned indices in the 
tissue system, which was reflected in the relative 
constancy of the total nitrogen concentration 
(Table 1).  










































3.488 3.136 3.336 3.536 3.44 3.49 
 
The indicated fact confirms the hypothesis about 
the tissue-specific structure and combination of 
biologically active substances in the tissue 
depending on the organ function. 
It is significant that the main lipotropic amino 
acids are lysine, tyrosin, methionine, cystein, 
serine, threonine and aspartic acid. The reliable 
increase in concentration of the mentioned 
amino acids in pork raw material was not 
noticed except for glycine and serine in pig aorta 
and glycine in bovine aorta, and threonine in 
bovine heart. 
One-dimentional electrophoresis of both the 
native test raw material and the raw material 
underwent autolysis at 4oC for 4 days (Fig. 3) as 
well as two-dimensional electrophoresis of the 

























































































Figure 3. The results of protein electrophoretic 
analysis by the Laemmli method. Staining with 
caustic silver. C – standard of molecular masses 
(Fermentas, USA), 1 – bovine myocardium, 2 -  
myocardial tissue (beef, autolysis for 4 days) 3 - 
myocardial tissue (pork), 4 - myocardial tissue 
(pork, autolysis for 4 days); 5 – aortic tissue (pork, 
autolysis for 4 days);  6 -  aortic tissue (beef, 




Figure 4. The results of the proteomic analysis of 
the samples of cardiac muscle (A) and aorta (Б) of 
Bos Taurus in comparison with the corresponding 
data (В, Г) for the Sus scrofa samples. Staining 
with Coomassie R-250. Dashed rectangles show 
the location zones of actins (red), tropomyosins 
(blue), and myosin light chains (green). 
 
Analysis of the electrophoregram of the test raw 
material enables us to make a suggestion about 
the presence of the tissue-specific substances in 
the tissues of pork and bovine hearts and aortas, 
which are involved in the lipid metabolism, and  
also expressed in endothelium and responsible 
for reparation of a damaged endothelial layer 
(40-60 kDa) as well as a range of anticoagulants 
and fibrinolytic agents, which under the 
condition of their fine regulation allow not only 
the regulation of a vessel wall condition, but also 
triggering the mechanisms of defense and 
damaged sites reparation. The above noted 
agents are in a range of 100 to 10 kDa (the most 
intense bands on the electrophoregram); with 
that, the fraction diversity and intensity is 
increased in regard to the raw material that 
underwent autolysis. Electrophoregrams of the 
two-dimensional electrophoresis of the raw 
material were analyzed, which confirmed our 
suggestion about the presence of several protein 
fractions in one band (Fig. 4). In all 
electrophoregrams, the fractions of a number of 
structural muscle proteins (actins, tropomyosins, 




The performed research demonstrated that not so 
much a composition of a test material as a 
presence of hypothetical both high and low 
molecular weight substances of protein and 
peptide nature in it determine established in the 
first stage of the research pronounced 
hypolipidemic and  anti-atherosclerotic effects, 
representing the key link in the defense of the 
vessel walls and the entire cardiovascular system 
from the risk factors of the development of 
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Abstract – This paper describes the mass 
spectrometric methods of carcinogenic 
substances detection in smoke fume. The factors 
influencing their quantitative content were 
determined; the technological methods of 
reduction of carcinogenic PAHs residue content 





Nowadays, the majority of available methods for 
detection of benzo[a]pyrene and other PAHs in 
food products are based on HPLC with a 
fluorescence detector [1, 2, 3].  Sensitivity of   
HPLC with a fluorescence detector enables 
identification of trace elements of PAHs; 
however, when recovering PAHs from complex 
matrices such as food products, prepared 
samples can contain foreign organic impurities, 
and errors can occur due to the presence of 
substances that give cross signals.  During the 
last decades, the method of gas 
chromatography–mass spectrometry (GC-MS) 
has been especially actively developed and 
introduced into the practice of analytical 
laboratories. Regarding PAHs, identification by 
mass spectral libraries does not exclude the 
possibility of errors, as mass spectra of the 
substances such as benzo[b]fluoranthene, 
benzo[k]fluoranthene and benzo[a]pyrene are 
practically identical, despite the fact that these 
compounds differ fundamentally in structure. 
Low selectivity of separation of some pairs of 
PAHs also makes contribution to identification 
errors. The capacity of selection and 
unambiguity of the qualitative analysis make the 
method of liquid chromatography–tandem mass 
spectrometry (LC-MS/MS) an optimal technique 
for PAHs analysis. The method of ionization 
became the main difficulty in PAHs detection by 
LC-MS/MS. At present, despite the well-known 
carcinogenic activity of PAHs, there are 
practically no developed criteria for evaluation 
of the individual carcinogenic potential of the 
substances of this class. The performed research 
on PAHs profile identification enabled 
calculation of the sum carcinogenic hazard of a 
food product, as well as determination of the 
PAHs presence indicators. The regularities of 
residue PAHs content in dependence of smoking 
type, packaging material and formulation of 
meat product were established. 
 
II. MATERIALS AND METHODS 
 
Analysis of PAHs was performed by LC-
MS/MS on the chromatograph Agilent 1200 
with the triple quadrupole detector Agilent 
6400B. Chromatographic separation was 
conducted on the reversed phase 
chromatography column C18 chemically 
modified with phenyl groups Agilent Eclipse 
PAH 2.1 х 50 mm, 1.8 µm. Electrospray (ESI) 
was used as an ionization source, and chemical 
ionization was carried out at atmospheric 
pressure (APCI). Samples were prepared by 
QuEChERS [4] method with use of Octadecyl 
(C18(EC)) and ethylenediamine-N-propyl (PSA) 
sorbents. Analysis of phenols was performed 
using GH-MS Agilent 7890A with MSD Agilent 
5975C. 
 
III. RESULTS AND DISCUSSION 
 
Electrospray ionization (ESI) requires the 
presence of an analyzing substance in a solution 
in an ionic form. As PAHs are the non-polar 
substances, ionization in a solution does not 
occur. In order to obtain a molecular ion, 
derivatization is necessary. To this end, the post-
column derivatization with silver nitrate (AgNO3) 
was used. Derivatives [PAH+Ag]+ and 
[2PAH+Ag]+, which were formed in this process, 
permitted an identification of PAHs; however, 
                       598
their  relative percent content in a solution was 
not stable. As a result, reproducibility of the 
measurement results was low. The disadvantage 
of the method was also the use of the additional 
channel of the chromatographic pump for 
derivatization. In connection with the 
unambiguity of the generating results, APCI 
method was chosen, which enabled ionization of 
non-polar substances with the corona discharge. 
Parameter optimization made it possible to 
obtain an intensive molecular ion for each PAHs; 
however, in the multiple reaction monitoring 
(MRM) mode, PAHs practically did not undergo 
fragmentation. Table 1 presents the PAHs 
molecular ions in the selected ion monitoring 
(SIM) mode under the conditions of APCI 
ionization with registration of positive ions.  
Table 1 Parameters of PAHs identification  
in SIM mode 













Dibenzo[a,e]pyrene     303.4 
Dibenzo[a,i]pyrene     303.4 
Dibenzo[a,h]pyrene   303.4 
 
The fragmentor (Frag) voltage 90-135 V; 
evaporator temperature 380ºС; desolvation gas 
temperature 320ºС; desolvation gas flow rate 8 
l/min.; nebulizer needle pressure 30 psi; 
capillary voltage 4.5 kWt. 
The next step in the investigation was the 
detection of the factors that influence the 
PAHs quantitative content. First of all, it was 
necessary to evaluate the impact of different 
wood species on PAHs content. When wood 
species that are most widely used for food 
products smoking were heated for 20 min. at 
300 оС, the following results of PAHs content 
(µg/kg) were obtained in the generated 
pyrolysis liquid: hazel-wood – 30.47; beech 
wood – 21.07; apple tree – 28.75; cherry – 
17.21.  The high PAHs content generated from 
hazel-wood is possibly associated with the 
higher content of substances with quinoid 
structure, which is typical for hazel-wood. The 
process of wood heating in time also resulted 
in increase in PAHs content. Temperature rise 
from 450°С to 700°С leads to two- to 
threefold increase in PAHs content in a 
product.  
Generated pyrolytic woodsmoke was analyzed 
on dispersity by correlation spectroscopy using 
a laser instrument with the system of photon 
counting from Malvern Instruments with 
image receiving analyzing block – Malvern 
Correlator K7023 (UK).  
Generation of smoke fume particles occurs 
during heating; therewith, the higher the 
temperature, the less the smoke fume particle 
size [5]. With that, the concentration of PAHs 
in the fume phase decreased, and reduction of 
the fume particle size led to increase in the 
penetrative capacity. Table 2 presents the data 
of the dependency of the PAHs sum content 
on the nominal fume phase particle size. 
Table 2 Impact of particle size of fume from 
smouldering beech wood sawdust on PAHs 
generation  
Name 
Average size of fume 
particles, nm 
 1000 700 250 100 
Sum concentration  of  
PAHs in fume phase, 
ng/m3 
4820 3980 3770 3640 
Mass fraction of 
benzo[a]pyrene, % of 
total PAHs 
1.2 0.5 0.62 0.52 
 
A significant effect on the level of PAHs 
absorption from vapor-gas phase upon 
thermolysis of wood has fat content in 
processing produce, which increases a degree 
of PAHs absorption up to ten times, all other 
things being equal. It is necessary to note the 
increased content precisely of the most 
carcinogenic PAHs with high molecular 
weight in fat tissue. The differences in PAHs 
residue content between pork and beef are not 
so significant.  With that, phenolic substances 
in the back fat samples after smoking were 
found in trace quantities, which can indicate 
the chemical neutrality of fat with respect to 
phenolic components, which are responsible 
for taste and aroma of smoked products. 
Reduction of the proportion of back fat content 
in uncooked smoked sausages will not lead to 
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deterioration of product organoleptic 
characteristics; however, it will significantly 
improve its safety.  
A casing is a barrier on the way of smoking 
substances penetration. The most permeable 
for PAHs is a natural casing, which is 
traditionally produced from intestines of farm 
animals. Protein and fibrouse casings are 
denser in structure, and penetration of PAHs 
through these barriers is largely hampered.  A 
fibrouse casing is capable to ensure PAHs 
decrease in a product up to 40% compared to 
natural.  
A complex assessment of PAHs content 
involved detecting the indicators of the 
presence of the substances of this class in a 
product. Selection of the individual PAHs was 
based on the frequency of the repetition of 
their results that were higher than the detection 
limit. Eight PAHs, namely benzo[a]pyrene,  
benzo[a]anthracene,  benzo[b]fluoranthene,  
benzo[k]fluoranthene,  benzo[g,h,i]perylene,  
chrysene,  dibenzo[a,h]anthracene, and 
indene[1,2,3-сd]pyrene, were detected most 
frequently. Analysis of the frequency of the 
positive detection of four PAHs, which are 
controlled under the EC norms (EC 835/2011 
of August 19, 2011) [6], in smoked meat 
products, namely,  benzo[a]pyrene, 
benzo[a]anthracene, benzo[b]fluoranthene and 
chrysene,  showed that the sum content of the 
abovementioned  four PAHs was within the 
limits 60±5% of the total content of 15 PAHs. 
Benzo[a]pyrene content was 6±0.5% relative 
to analyzing 15 PAHs. 
The question of the detection of the sum 
carcinogenic hazard of PAHs is rather debatable, 
and several researchers developed so called 
Toxicity Equivalence Factors (“TEFs”) of PAHs. 
The data obtained during the investigation of  
PAHs by California EPA’s Office of 
Environmental Health Hazard Assessment 
(OEHHA) was used as the Toxicity Equivalence 
Factors (“TEFs”).  
For an assessment of the total carcinogenicity  
(K, arb. unit) of a smoked meat product, the 
following equation was used: 
K = [Σ(PAHi) × Qi)],                                          
[1] 
Where,  PAHi is the mean concentration of an 
individual PAH, µg/kg;  
Qi - Toxicity Equivalence Factor of an 
individual PAH. 
The data is presented in Table 3. 
 
Figure 1. Qualitative content of 4 and 8 PAHs 
relative to the sum of 15 PAHs 
Table 3. The mean content of PAH and the total 
carcinogenicity of a smoked meat product 




Cyclopenta[c,d]pyrene 2.14 - 
Benzo[a]anthracene 1.98 0.20 
Chrysene 2.46 0.02 
5-methyl chrysene 0.60 0.60 
Benzo[j]fluoranthene 0.10 0.01 
Benzo[b]fluoranthene 0.50 0.05 
Benzo[k]fluoranthene 0.14 0.01 
Benzo[a]pyrene 0.60 0.60 
Dibenzo[a,l]pyrene 0.03 0.33 
Dibenzo[a,h]anthracene 0.23 0.23 
Benzo[ghi]perylene 0.32 - 
Indene[1,2,3-сd]pyrene 0.36 0.04 
Dibenzo[a,e]pyrene     0.87 - 
Dibenzo[a,i]pyrene     0.06 0.60 
Dibenzo[a,h]pyrene   0.13 1.30 
Σ 10.52 3.99 
 
Thus, the total carcinogenicity  (K, arb. unit) of a 
smoked meat product is on the average 3.99 arb. 
units; with that, the carcinogenicity  of  
benzo[a]pyrene  is 0.60 arb. units; that is, the 
carcinogenic hazard of a meat product cannot be 
assessed by the benzo[a]pyrene  content because 
it is conditioned to a significant extent by the 
presence of other PAHs. 
For regulation purposes, it is possible to apply 
the direct extrapolation of the carcinogenic 
effect obtained from dosing of experimental 
animals and expressed in mg/kg of body weight 
without incorporation of additional allowances 
and safety factors. The results of the calculation 
of human exposition to meat product 
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Table 4 PAHs exposure upon consumption of 




























thousands of tons  
1547.0 439.5 143.6 
PAHs content, 
µg/kg 
0.4 8.9 10.5 
PAHs exposure 
µg/kg of body 
weight per year 
0.06 0.39 0.15 
 
On the basis of the calculation results, the main 
source of PAHs consumption is semi-smoked 
sausages. PAHs quantity in uncooked smoked 
sausages is higher, but their consumption is three 
times lower compared to semi-smoked sausages. 
The undeniable advantage of this approach to the 
calculation of the human body exposure to PAHs 
is a possibility to assess the risk, exposure to 
chemical contaminants, which enter a human 
body by different ways, and evaluation of certain 
groups of food products that increase the risk of 




The result of the study was the development of 
the method of PAHs identification by the LC–
MS/MS method. The extraction selectivity was 
enhanced due to the use of the contemporary 
sorbents.  The parameters of the chromato-mass-
spectrometric detection of PAHs were optimized.  
The factors influencing the PAHs quantitative 
content were determined. The dynamics of 
PAHs accumulation in dependence of smoking 
conditions, formulation, production technology 
and packaging material type was investigated. 
The technological means of carcinogenic PAHs 
reduction in smoked meat products, which 
included the complex approach both to the 
conditions of the fume composition formation 
and to the technological aspects of smoked 
produce production, are presented.  
The data obtained enabled identification of 
PAHs presence indicators, determination of 
safety criteria for smoked meat products with 
consideration for the potential carcinogenic 
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Abstract – This paper demonstrates the topicality 
of the problem of food allergy. The analytical 
investigation  of the bovine serum albumin content 
in native and hydrolyzed meat raw material 
compared to a commercial preparation of this 
protein including hydrolyzed by various 




Nowadays, in connection with the deterioration 
of the ecological situation, the percent of 
children suffering from food intolerance 
increased. At present, practically every child, 
especially an urban resident, at least once have 
had an “allergic reaction”, the basis for which 
are immunological mechanisms associated with 
the immediate or delayed-type hypersensitivity. 
In 30% of children, an allergy acquires a chronic 
character. An allergy forms and occurs in 
children of the first years of life, and the 
majority of skin, gastro-enteric, respiratory and 
other manifestations of allergy are connected 
with it (1, 2). As a rule, 15-40% of children 
become ill with food allergy beginning from the 
first days of life. During last years, the percent of 
children suffering from food allergy to cow milk 
as well beef has significantly increased as these 
products have the antigenic affinity of proteins 
being the constituents of their composition. 
Restriction or exclusion of these products from 
nutrition of children with food allergies creates 
great difficulties in meeting the physiological 
requirements in animal protein, which is an 
extremely important nutrient for their normal 
growth and development (3). 
Lack of specialized curative products for this 
category of patients results in process 
chronization, disability of ill children and 
represents a real threat for children life (4). 
Animal meat has two main allergens – serum 
albumin and γ-globulin; however, there is also a 
description of an allergy to the muscle proteins – 
actin, myosin and tropomyosin. The allergic 
activity decreases upon meat product treatment 
(freezing, cooking, frying). 
Under acute sensitivity to these substances, the 
gastroenteric tract malfunction (vomit, diarrhea, 
gastric disturbance) are observed, as well as rash, 
itch on different parts of a body, allergic rhinitis 
(runny nose) and even bouts of asphyxia 
(anaphylaxis).   
Allergy can be observed not only to one type of 
meat but also to all types of animal meat. As a 
rule, an allergy to beef, poultry meat and horse 
meat occurs with higher frequency than to pork 
and mutton and, especially, to the rabbit meat. It 
all depends on the quantity and quality of protein 
in meat of different animal species (5,6,7).  
The assortment of such products for this 
category of children is mainly presented by 
milk- and soya-based artificial mixtures. 
Adapted meat-based products are not produced 
in Russia, although the developments of the 
hypoallergenic conserved pork and horse meat 
for additional food for children in the age of 5-7 
month, and the foreign experience in production 
of this kind of products suggest that they have  
high therapeutic efficiency in case of food 
intolerance. 
The problem of providing children having food 
intolerance with specialized meat-based products 
is of great medical-social importance (8,9,2). 
Introduction of new dietary products in clinical 
practice broadens the possibilities of curative 
nutrition for children with food allergy.  
Nowadays, the main method for curing this 
pathology consists in exclusion of meat products 
from a diet or their substitution with 
hypoallergenic products on the basis of the non-
traditional meat, soy protein isolate and so forth 
(10). 
With this connection, the task of developing new 
products for child nutrition on the basis of meat 
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raw material with hypoallergenic properties is 
extremely topical. 
 
II. MATERIALS AND METHODS 
 
When executing the experimental part of the 
work, the subjects of research were: meat raw 
material – beef; animal protein – bovine serum 
albumin (BSA); proteolytic enzymatic 
preparations; hydrolyzates obtained during the 
enzymatic treatment of meat raw material and 
BSA. 
The choice of meat raw material (beef) was 
conditioned by the high content of BSA (the 
main animal protein) in it, which can cause 
allergic reactions in children of early age. BSA 
is the most widely investigated and the most 
abundant blood protein (70% percent of total 
protein content). Its concentration in plasma is 
35-55 mg/ml.  BSA is a globule in a form of an 
oblate spheroid with semiaxis 17 x 42 angstrom 
consisting of 607 amino acid residues. BSA has 
quite a complex spatial structure forming three 
domains, each of which is in turn divided into 
two sub-domains (A-B and C). Molecular weight 
of BSA is ~69 kDa. Albumin from the company 
“Chimmed” was used as a “pure” BSA 
preparation. 
Then, the enzymatic preparation “Bromelin” was 
chosen, which is a proteolytic enzyme, obtained 
from a pineapple, and which is capable of 
inducing biotransformation (protein degradation 
to peptides with lower molecular weight) of 
meat raw material proteins.  
In order to examine the quantitative content of 
BSA in the native meat raw material and the 
chemical purity of albumin from the company 
“Chimmed”, the analytical study by the method 
of the electrophoretic separation of protein 
compounds according to molecular mass was 
performed. The Pierce marker representing the 
mixture of proteins 10 to 170 kDa was used as a 
standard for electrophoresis. For protein 
compounds extraction from the tested samples, a 
specimen (250 ±0.05 mg) was placed into a 
centrifugal tube, 250 µl of solubilization solution 
were added and hold in a thermostat under 
thorough agitation. The obtained solution was 
centrifuged. A fractional composition of testing 
proteins was analyzed by the electrophoresis 
method in 10% polyacrylamide gel using an 
electrophoresis chamber. The quantitative 
processing of electrophoregram was carried out 
on a densitometer with use of the specialized 
software applications. The degree of the 
proteolyses was determined as a relative quantity 
of split protein expressed as percents.   
 
III. RESULTS AND DISCUSSION 
 
As a result of the obtained data, it was 
established that the samples of meat raw material 
(beef) contained a significant quantity of BSA 
(monomer, 68-69 kDa, comprised 2.81% of the 
protein sum), and albumin from the company 
“Chimmed” had a high degree of chemical 
purity (99%).  
In the next part of the work, the hydrolysis of the 
BSA preparation and the beef sample 
homogenized with the enzymatic preparation 
“Bromelin” was carried out. BSA was diluted in 
distilled water and then the enzymatic 
preparation was added to this solution.  As the 
solution pH was neutral (pH=7) and pH has to 
be at the level of 5.8-6.0 for an optimal enzyme 
function, citric acid was added to the BSA 
solution in the quantity ensuring the necessary 
pH level. Beef was minced to the homogenized 
condition with water in the ratio 60:40, 
respectively. The enzymatic preparation was 
added to the beef homogenate. Then, two 
samples were placed into a thermostat in order to 
perform the process of hydrolysis. Inactivation 
of the enzymatic preparation was carried out at 
the temperature of 80oC for 30 minutes. Table 1 
presents the protein fractional composition of the 
BSA preparation and beef homogenate treated 
with the enzymatic preparation “Bromelin”. 
As a result of the obtained data, it was 
established that the enzymatic preparation 
“Bromelin” did not perform the necessary 
biotransformation (protein degradation to 
peptides with lower molecular weight) of BSA 
both in a “pure” preparation and in the meat raw 
material homogenate.  
In order to establish the substrate specificity of 
the proteolitic enzymes to BSA, the simulation 
study with use of enzymatic preparations of 
proteases differed in a source of derivatization 
(producer) and, consequently, in a composition 
of a enzymatic complex was carried out. As a 
substrate, the chemically “pure” sample of BSA 
from the company “Chimmed” was used.  
Enzymatic preparations were dissolved in a   
certain amount of distilled water (until their full 
dissolution) according to the recommendations 
for their use. Then, 10 g of BSA preparation 
were added into the obtained enzymatic 
suspension and hydrolysis was carried out in a 
thermostat under the previously selected 
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conditions of the process similar to the raw 
material treatment with the enzymatic 
preparation “Bromelin”.  
Table 1 Fractional composition of the hydrolyzates  
 
The solution of “Bromelin” preparation in 





Figure 1. Concentration of free amino acids in 




Inactivation of proteases was performed under 
the same regimes that were established in the 
process of meat raw material hydrolysis with the 
preparation “Bromelin”. Effectiveness of the 
conducted proteolysis was assessed by 
determining the yield of total protein substances 
in an obtained extract by Lowry method. The 
degree of extracted proteins destruction as a 
result of proteases action was determined by the 
concentration of BSA hydrolysis products, 
which were not precipitated by 20% solution of 




The experimental data on the determination of 
the substrate specificity to BSA of fungal and 
bacterial proteases showed that use of the 
preparation obtained from Aspergillus niger led 
to the highest yield of soluble protein substances. 
However, the degree of the further destruction of 
the extracted protein substances was noticed on 
the low level, which was proved by the low 
concentration of the protein hydrolysis products 
in the obtained supernatant. Consequently, it 
appears that use of preparation from Aspergillus 
niger will not allow performing the destruction 
of BSA in the composition of the studying raw 
material.  
The action of the enzymatic preparation of the 
fungal protease obtained by the target 
fermentation of the selective strain of 
Aspergillus oryzae, which contains a complex of 
peptidase and protease, was the most effective 
(11,12). This preparation accomplishes the 
deepest proteolysis of the extracted protein 
substances to amino acids and peptides with 
lower molecular weight.  
Thus, according to the set goal, the qualitative 
composition of BSA in the native meat raw 
material (beef) and “pure” preparation was 
studied. Based on the results of the research, the 
effective enzymatic preparation was selected, 
which demonstrated the highest substrate 
specificity to the protein substances of the raw 
material and allowed conducting BSA 
biotransformation to the products without 


































































































Amino acids, short peptides
Total protein substances
Meat proteins Molecular 
mass, 
KDa 






Paramyosin 200-240 2.4 - 
Protein S 110-140 2.3 - 
Myogen 90-80 2.4 - 
BSА monomer 68-69 2.7 2.3 
Tubulin  β 55 2.6 - 
Tubulin  α 53 2.6 - 
Actin F 47 2.3 - 
Tropomyosin 1 39 2.2 - 
Tropomyosin 2 32 2.5 - 
Myelin 28-30 2.6 - 
Troponin 1 (2 
fractions) 
23-25 2.3 - 
Light chain of 
myosin 
16-23 2.1 - 
Proponin С 17-18 1.8 - 
LC- А2 16.5 2.3 - 
β - Chemokines 8-12 2.7 - 
Β- Chemokines 
(2  fractions) 
8-12 1.3 - 
Σ (sum)  37.1 2.3 
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STUDY OF INULIN EFFECT ON THE QUALITY OF COOKED 
SAUSAGES WITH REDUCED CALORICITY 
 
Andrei B. Lisitsyn1 ,Elena K. Tunieva* 




Abstract – The aim of the present study was to 
develop the technology of cooked sausages with 
reduced caloricity with use of inulin. The paper 
presents the results of the investigation of inulin 
effect on the chemical and technological 
characteristics of cooked sausages. The obtained 
results suggest the expediency of inulin use in a 
pre-hydrated form instead of fat in low-calorie 
cooked sausage production without reducing 




The need for fat reduction in food products 
would not be so urgent, but for the increasing 
scale of the obesity problem. The appearance of 
excess weight is noted in a significant proportion 
of population and is associated with several 
factors such as overeating, consumption of high-
calorie food products unbalanced by chemical 
composition, sedentary lifestyle, and so forth (1). 
With that, fat has several technological 
properties, which make it possible to form 
sausage consumer properties including tender 
consistency, aroma and taste, which are 
conditioned by the presence of volatile fatty 
acids. Fat content reduction can be achieved 
both by its substitution with lean meat with high 
content of muscle tissue, and by use of non-meat 
ingredients having a structure that is different 
from fat (proteins, polysaccharides and their 
mixtures). With that, it is worth mentioning that 
increase in the proportion of muscle tissue in 
cooked sausage formulation can lead to 
unsatisfactory  consumer characteristics and, 
first of all, to hard consistency. In this 
connection, a selection of non-meat ingredients 
with properties that can imitate fat in a product is 
of a special interest. To this end, a various 
assortment of food ingredients and additives of 
protein nature (plant and animal proteins) and 
polysaccharide nature (starch, carrageenan, gum 
and others) is used. It is necessary to notice that 
when producing meat products, preparations of 
protein origin are traditionally applied for 
substitution of lean meat and not fat, as 
substitution of fat component with plant or 
animal proteins can result in deterioration of 
consumer properties because forming protein 
gels prevent compensation of fat functions in a 
product. On the basis of the previous 
investigation of different fat substitutes (on the 
example of minced semi-finished products) we 
substantiated the selection of inulin, which has a 
structure different from fat and in a hydrated 
form has properties   allowing imitation of fat in 
a product  - spreading consistency, white color, 
the absence of off-odor and off-taste. 
 
II. MATERIALS AND METHODS 
 
The everyday products, cooked sausage products, 
which have a prevailing share (~ 60 %) in the 
structure of meat products production and 
consumption in Russia, were chosen as subjects 
of research. At the first stage of the research, the 
level of inulin hydration for fat substitution in 
cooked sausage formulation was substantiated. 
To this end, the comparative investigations of 
the model samples of cooked sausages 
containing inulin gel with the inulin:water ratio 
1:1, 1:1.5, 1:2 were carried out. 
The model samples of cooked sausages were the 
subjects of research. The produced sausage, 
which formulation contained beef, pork, back fat 
(22%) and curing ingredients, was used as a 
control sample. In the experimental samples,    
16% of back fat were substituted by 10% of 
inulin gel (with the inulin : water ratio 1:1 
(experimental sample 1), 1:1.5 (experimental 
sample 2), 1:2 (experimental sample 3) and 6% 
of hydrated milk and egg proteins. 
In order to substantiate the method of inulin 
incorporation into cooked sausage composition 
(in a dry or hydrated form), investigations of the 
functional-technological properties of cooked 
sausages made with inulin in a hydrated or dry 
form with the additional water incorporation in 
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the amount of 1.5 kg of water per 1.0 kg of 
inulin were carried out.  
The specimens were taken from the obtained 
samples for the determination of moisture 
binding capacity (MBC) by press method, water 
activity (aw) by cryoscopic method using the 
AWK-20 instrument (Germany) and color 
characteristics in the CIELab system using the 
spectrocolorimeter “Spectroton”.  
In the final products after cooking, the 
organoleptic characteristics and shear stress on 
the universal testing machine Instron 3342 were 
determined, and the experiments on the 
examination of the effect of the cooked sausage 
products with reduced caloricity on the clinical- 
physiological indicators of laboratory animals 
was performed. 
 
III. RESULTS AND DISCUSSION 
 
The results of the comparative study of the 
functional-technological properties of sausages 
showed that incorporation of inulin into gel 
formulation with the ratio inulin:water 1:1 
(experiment 1) resulted in reduction of the water 
activity value (Fig. 1). 
 
 
Figure 1 Water activity of the model samples of 
minced meat  
Increase in the inulin hydration level to 1:2 led 
to increase in this indicator and reduction of 
MBC by 4% compared to the control (Fig. 2).  
 
 
Figure 2 Moisture binding capacity (MBC) of the 
model samples of minced meat  
The values of the physico-chemical and 
structural-mechanical indices of the control 
sample were at the same level as in the 
experimental sample 2 with the inulin hydration 
level 1:1.5. Back fat substitution by inulin had a 
positive effect on the color stability, which value 
in the experimental samples was 2.8-3.1% 
higher compared to the control.  
Table 1. The influence of the inulin hydration level 
on the physico-chemical indices of cooked 
sausages 
Indices 
Values of indices 
Control  Experi-
ment 1   
Experi-
ment 2   
Experi-
ment 3 
рН  6.24  6,26  6,28  6,26  
shear 
stress, Pа  
21.7 25.5 22.2 18.78 
color 
stability,% 
72.3 75.3 75.4 75.1  
 
In order to evaluate the influence of the level of 
inulin hydration on the color characteristics of 
the sausages, the color indices in the CIELab 
coordinates were detected. The color indices 
values suggest the absence of the significant 
differences in color indices.  
 
 
Figure 3 The color characteristics of the model 
samples of cooked sausages 
Incorporation of inulin gel enabled reduction of 
fat content by 47.3 % and caloricity by 27.4-
31.9 % relative to their level in the similar 
products (control) (Table 2). 
The results of the tasting assessment of the 
sausages suggest the high organoleptic 
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Table 2. The influence of inulin on the chemical 
composition of the cooked sausages  
Samples  
Mass fraction in minced 






12.3 20.5 - 233.7 
Experi-










In order to substantiate the method of inulin 
incorporation into cooked sausage composition 
(in a dry or hydrated form), investigations of the 
functional-technological properties of cooked 
sausage products made with inulin  in a hydrated 
or dry form with the additional water 
incorporation in the amount of 1.5 kg of water 
per 1 kg of inulin were carried out. 
The method of inulin addition significantly 
influenced the functional-technological 
properties of the sausages. Pre-hydration of 
inulin led to reduction of water activity by 
0.0018 units and to the increase in moisture 
binding capacity (MBC) by 3.1 % compared to 
the sausage samples, in which composition 
inulin was added in a dry form with the 
additional water incorporation (Table 3). It is 
necessary to notice that incorporation of inulin 
as gel positively influenced the color 
characteristics. Color stability of the sausages 
with inulin gel was 2.2% higher compared to the 
sausages made with addition of inulin in a dry 
form. 
Table 3. The influence of the method of inulin 
incorporation on the physico-chemical properties 




aw  MBC рН  Color 
stability 
in a dry form  0.9760 75.1  6.27 72.8 
in a hydrated 
form 
0.9742  78.2 6.28  75.0 
 
It was found that when adding the 
experimental cooked sausages with reduced 
caloricity in the diet of the laboratory animals, 
the acceleration of protein and carbohydrate 
catabolism and blood saturation of calcium 
took place. In addition, the incorporation of 
the experimental cooked sausage samples in a 
diet enabled reduction of total cholesterol, 
triglycerides and low density lipoproteids in 
blood and increase in the levels of high density 
lipoproteids and lipase, which facilitate fat 




The results of the comparative examination of 
the sausage samples with incorporation of inulin 
at different levels of hydration made it possible 
to recommend the use of inulin gel with the 
inulin : water ratio  1:1.5 in a pre-hydrated form 
instead of fat in production of cooked sausages 




1. Mikhailova G.G. (2008). Topical problems of 
obesity. [Rational nutrition]. Nutrition safety: the 
element of the household life quality assessment. 
Kolomna: Kolomna State Pedagogical Institute: 
103-106. 
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SENSORY ANALYSIS OF MEAT RAW MATERIAL BY ELECTRONIC 
NANO BALANCE  
 
Irina M. Chernukcha1, Tatiana G. Kuznetsova 1* and Anton A. Lazarev 1  




Abstract – On the basis of the performed work, we 
established the possibility to use the multi-sensory 
system “electronic nose” for detection of meat raw 
material and by-products freshness, as well as 
species origin of meat and to differentiate its 
thermal condition. The dynamics of changes in 
quantitative and qualitative content of the gas 
phase volatile components in pork samples during 
6 month storage at a temperature of -18oC was 
established using the multisensory analysis. It was 
shown that the intensity of frozen meat odor in 
deep layers decreased by 42% compared to the 
chilled meat raw material by the fourth month of 
storage. It was found that at long-term storage of 
meat in the frozen condition the fraction of the 
saturated fatty acids increased with the 
simultaneous decrease in the content of the more 
valuable polyunsaturated fatty acids due to their 




Food products quality control is traditionally 
performed by the organoleptic indices. 
Organoleptic indices gain great value when 
adding quantitative assessment obtained with 
analytical methods to qualitative information. 
Odor is one of the main indicators of food 
products quality, which is formed by a complex 
of volatile substances. Odor analysis is 
complicated due to the fact that it is formed by 
the various highly volatile substances with a 
relatively low molecular mass (1). Analytical 
capacity of the modern gas and liquid 
chromatographs and mass-spectrometers allow 
obtaining different information about food 
products odor. However, these analyses are often 
unreasonably expensive, require complex 
preparation of samples, a lot of time and 
chemical reagents (2,3). Due to this reason, the 
development of simpler, less expensive and 
above all rapid analyzers for express assessment 
of food products odor composition in a routine 
work of enterprise laboratories, for example, 
multisensory analytical systems (“electronic 
nose”), became a top priority.  
In the context of solving tasks of meat raw 
material quality assessment, training of tasters 
and identification and establishing the fact of 
falsification of food products on incoming 
control in meat industry enterprises, use of 
“electronic nose” appears to be quite promising 
(4). 
The present paper demonstrates the possibility to 
use the multi-sensory system “VOCmeter” for 
assessment of selected indices of meat, by-
products and finished products quality in order 
to improve objectivity of the obtained results, 
introduce express methods that allow reducing 
time for and costs of performing analyses.  
 
II. MATERIALS AND METHODS 
 
Meat raw material (chilled and thawed pork); 
by-products, chilled meat raw material from 
different species of slaughter animals and 
poultry, cooked sausages were used as a subject 
of research. Sensory assessment was carried out 
using “VOCmeter” instrument from 
AppliedSensor (Germany), which contained 
eight QMB sensors and four MOS sensors (5). 
The content of the gas phase volatile 
components of meat raw material was 
determined with Gas Chromatograph HP 7890; 
detection was carried out with use of Mass 
Selective Detector MSD 5975C with MSD 
Productivity ChemStation Enhanced Software. 
The fatty acid composition was examined by gas 
chromatography according to the modified 
method ISO 5509-1978. 
 
III. RESULTS AND DISCUSSION 
 
On the basis of the multisensory analysis of the 
quantitative and qualitative content of the gas 
phase volatile components forming meat odor 
during storage, the method for assessment of 
freshness of meat raw material from different 
species of slaughter animals with use of the   
multisensory system “VOCmeter” was 
developed.  
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The boundaries of the sensors readings for the 
respective categories of freshness of meat raw 
material (muscle and fat tissues separately) were 
established on the basis of the results of the 
traditional methods of the physico-chemical and 
organoleptic analysis. The criteria for meat 
freshness assessment were determined by 
processing the sensor readings using the 
principal component analysis. The conducted 
examination of meat raw material during storage 
made it possible to establish the principal 
component (PC1) boundaries corresponding to 
each category of freshness both for muscle and 




Fig.1  The graph of the spatial location of the 
points obtained when processing using the 
principal component analysis the sensors readings 
characteristic for meat raw material of different 
freshness categories  (1–fresh; 2–doubtful freshness; 
3– not fresh):  a) muscle tissue; b) fat tissue 
 
The graphs for freshness assessment of by-
products of first and second categories were 
obtained in the same manner. 
On the basis of the conducted investigation, the 
possibility to use the multi-sensory instrumental 
systems for detection of species origin of meat 
raw material (including fat and back fat) was 
established, which  enable prompt meat raw 
material (including in blocks) identification on 
incoming control in processing enterprises, 
customs, markets and so forth.  
Performed comparative analysis of sensors 
readings of the “VOCmeter” instrument obtained 
on investigation of volatile components of 
slaughter animals meat (muscle and fat tissues) 
and poultry allowed obtaining clusters that 
characterize each meat species. Clusters areas 
differ in location relative to the first principal 
component (PC1), which is conditioned by the 
degree of odor intensity in fresh meat raw 
material. In a number of cases, clusters are 
located near each other; however they lie at a 
different angle in the space, which enable an 
analysis of species origin of meat raw material 
with high confidence. It was found that the 
belonging of meat raw material samples to the 
different morphological parts of a carcass did not 
influence the objectivity of the results of their 
species origin identification by multisensory 
method. 
Differentiation of chilled and frozen meat is a 
rather complicated task. At the same time the 
results of the investigations confirm that the 
instrumental sensory method enables solving this 
problem in full volume.  
It is necessary to note that the clusters 
characterizing chilled and frozen meat raw 
material are located in the different quarters of a 
coordinate system at a significant distance from 
each other, which is conditioned by the 
alteration of proteins and fats in muscle tissue in 
the process of freezing.  
Information obtained by the modern analytical 
systems complemented with data of biochemical 
and physico-chemical examinations facilitates 
the objectification of the organoleptic analysis 
results, makes it possible to control alterations of 
sensory characteristics and biochemical 
processes, which occur during meat raw material 
storage, and to predict both its condition and 
shelf life on the basis of the obtained data.  
Using the multisensory analysis, it was 
established that the changes in quantitative and 
qualitative content of the gas phase volatile 
components occured in meat raw material during 
6 month storage at the temperature of -18oC.  
The performed analysis of the dynamics of 
changes in odor in surface and deep layers of 
meat raw material during long-term storage 
demonstrated that by the fourth month of storage 
the odor intensity of frozen meat decreased by 
25.9% and 42%, respectively, compared to 
chilled meat raw material, as evidenced by the 
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data characterizing the areas of visual 







Figure 2. Dynamics of changes in the area of odor 
visual fingerprints of pork during storage: a) surface 
layers; b) deep layers 
The change in odor intensity of frozen meat by 
this time of storage, especially in the deep layers, 
is associated with reduction in the content of 
aromatic alcohols, fatty acid esters and carbonyl 
compounds. In the surface layers, the oxidative 
changes in fat fraction develop more actively 
along with the processes of volatile aromatic 
compounds desorption. In this connection, the 
reduction of the sensors readings during four 
months of storage is not so pronounced as in the 
deep layers of meat raw material. The sum 
content of volatile aromatic substances in the gas 
phase of the surface layers by 5-6 months of 
storage is higher by 8.7% and 20.0% compared 
to the initial. 
The data of mass-spectrometry confirmed the 
results of the multisensory analysis and 
demonstrated that the increase in the meat raw 
material odor intensity by 5-6 months of storage 
was conditioned by accumulation of aroma-
forming substances in the gas phase, including 
aromatic and carboxylic compounds. It was 
established that during long-term storage of meat 
in frozen condition the proportion of fatty acids 
increased simultaneously with the reduction in 
the content of the most valuable polyunsaturated 
fatty acids due to their biological reactive 
capacity, which is especially typical of С17:1, 
С15:1, С16:1, С20:5 fatty acids. At the same 
time, the tendency toward isomerization of 
unsaturated acids became evident, in particular, 
the proportion of trans isomer С18:1n9t elaidic 




The data analysis by factor analysis made it 
possible to establish the clusters corresponding 
each freshness category of muscle and fat tissues, 
by-products, meat raw material of different 
species origin, thermal condition of meat raw 
material. The data obtained enable prompt 
monitoring of meat raw material quality 
(including in blocks) on incoming control in 
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Abstract – Diet and pre-slaughter stress are key 
factors that may affect the biochemical processes 
during the conversion of muscle into meat. The 
aim of the present study was to evaluate the effect 
of two different pre-slaughter stress managements 
(reduced-stress handling, RH and conventional 
handling, CH) in Angus steers, raised under 
contrasting feeding systems (grain, GS and 
pasture, PS) on histidine dipeptides content and 
free amino acids profile. Dipeptides and free 
amino acids were analyzed by ion exchange 
chromatography. The concentration of free amino 
acids was not different neither among feeding 
systems nor among pre-slaughter stress 
managements. The concentration of histidine 
dipeptides was higher in CH than in RH for both 
production systems applied.  Histidine dipeptides 
could act as tissue protectors and as markers of 
acute stress in animals. 
Keywords—Histidine Dipeptides, Free Amino 





The histidine dipeptides, carnosine (-alanyl-L-
histidine) and anserine (-alanyl-L-1-
methylhistidine) are simple compounds naturally 
occurring in vertebrate animal tissues (1). Both 
dipeptides show antioxidant activity acting as 
metal chelators and free-radical scavengers (2). 
These antioxidative peptides play many roles, 
such as prevention of diseases and aging related 
to oxidative stress (3, 4, 5). The amount of these 
dipeptides is largely higher in the skeletal 
muscle than in other tissues, especially in 
muscles with a glycolytic metabolism (6). 
Nevertheless, its content may vary with the 
animal species (7), age (8), and/or diet (1, 2). 
Muscle enzymes contribute to the generation of 
free amino acids post mortem, which improve 
the nutritional value and affect flavor, being able 
to enhance taste and aroma (9). 
Despite the fact there are not enough studies in 
bovine muscles, results published by 
Hammarqvist (10) have shown that the human 
muscle protein catabolism increase by the 
administration of stress hormones. 
Other authors found that, in human, an infusion 
of a triple combination of stress hormones into 
healthy volunteers produces changes in muscle 
amino acid metabolism similar to those observed 
immediately after surgical trauma (11). 
Post mortem muscle metabolism may vary 
significantly with animal nutrition and pre-
slaughter stress. Both of them are influenced by 
pre-slaughter muscle glycogen and muscle 
metabolism respectively (12).  
The impact of these stress factors on the final 
content of histidine dipeptides and free amino 
acid profile of meat is not well understood. Thus, 
the aim of the present research was to evaluate 
the content of carnosine and anserine and free 
amino acids in beef from cattle raised under 
contrasting feeding systems and subjected to 
different pre-slaughter management. 
 
 
II. MATERIALS AND METHODS 
 
Animals 
The experiment was carried out at the 
Experimental Station INTA (National Institute 
of Agriculture Technology) General Villegas 
(Buenos Aires, Argentina) according to the 
procedures stated by SENASA (13) in Argentina. 
                       612
60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta del Este, Uruguay 
 
Forty steers from the Angus breed were selected 
for the study.  
Animals were randomly raised under two 
contrasting feeding systems: grain- and pasture- 
based systems. The endpoint chosen was 
determined by fat cover. 
Grain-based system (GS): 20 animals fed on a 
grain diet (39 % corn silage, 59 % whole corn 
and 2 % mineral premix with monensin) to a 
final mean weight of 461.9 ± 22.1 kg 
Pasture-based system (PS): 20 animals fed on 
triticale (triticosecale Wittmack) with a daily 
forage allowance equivalent to 2.5 % of live 
weight, to a final mean weight of 509.7 ± 26.5 
kg. 
Once dorsal adipose tissue depth reached 6 mm 
in both feeding systems, the two groups were 
transported simultaneously to a distance of 300 
km to the slaughterhouse. Upon arrival, both 
groups were randomly divided into two sub-
groups: RH (reduced stress handling) and CH 
(conventional handling). They were placed in 
separate lairage pens overnight with free access 
to water. 
 Animals from RH subgroup were slaughtered 
first to reduce their exposure to odors and noise. 
Animals waited twenty minutes in the alley next 
to the slaughterhouse before entering the race to 
stun box. The process was made to be quiet, 
without yelling or other actions commonly used 
to move the animals up. Also dark zones of the 
race were strategically illuminated to avoid 
shadows. Animals from CH subgroup were 
slaughtered after the previous, without waiting in 
the alley and following usual procedures 
including yelling and, eventual use of electric 
prods. Shadows and slaughter odors and noise 
were not minimized during the pre slaughter 
handling of this subgroup submission. 
 
Samples 
Left carcasses were chilled in the abattoir at 4 
1 C for 24 h. Four-ribs blocks (10th to 13th rib) 
were removed after measuring ultimate pH, each 
rib was vacuum packaged individually and 
maintained under -20  1 °C until analysis of 
histidine dipeptides and free amino acids. 
 
Analysis  
Carnosine, anserine and free amino acid content 
was analyzed in triplicate. Samples were treated 
with 0.6M Trichloroacetic acid (TCA) in order 
to denature proteins (14), previous the 
determinations. 
Determination of histidine dipeptides: 
supernatant solution was 20-fold diluted using 
KH2PO4 90mM pH 5 and transferred into vials 
for chromatographic analysis. Standard anserine 
and carnosine were purchased from Sigma 
Chemical Co. Histidine dipeptides levels were 
determined using the HPLC method described 
by Sri Kantha (15). The assay was performed by 
a HPLC Shimadzu equipped with a UV detector. 
The assay parameters were: Zorbax 300-SCX 
column, eluent 90 mM KH2PO4 solution 
containing 10% methanol. The flow rate was 1 
mL/min and the injection volume 20µL. The 
chromatographic runs were carried out at 55◦C, 
and detection was set up at 210 nm. 
Determination of free amino acid: The pH of the 
supernatant solution was adjusted to 2.2 before 
the analyses by Ion Exchange Chromatography. 
The chromatography of the extracts was carried 
out in an amino acid analyzer Biochrom 30 
(Biochrom Ltd) equipped with a cationic 
exchange column. L-Norleucin was used as 
internal standard and an eighteen pure amino 




Data were subjected to analysis of variance 
using the SPSS® v12 statistical software. The 
two factorial design considered feeding systems 
and pre-slaughter management conditions with 
two levels (GS – PS and RH – CH, respectively) 
and their interaction (16).  T-test was used as 
means of comparison. The level of significance 
was set at 0.05 for all tests. 
 
 
III. RESULTS AND DISCUSSION 
 
Table 1 shows the anserine and carnosine 
content in LD muscles of studied animals. 
 
Table 1. Anserine (A) and Carnosine (C) content 
(mg/g) of beef from cattle raised under contrasting 
feeding systems and pre-slaughter management. 
 
GS PS 




















Values are expressed as mean ± SD. Lowercase letters in 
different cells indicate management effect. Capital letters in 
different cells indicate feeding system effect. (p <0.05). 
                       613
60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta del Este, Uruguay 
 
As can be seen, animals from both contrasting 
feeding systems (GS and PS) exposed to RH 
showed lower concentration of anserine and 
carnosine than those exposed to CH (p<0.05). 
On the other hand, the animal feeding system 
displayed a significant effect in anserine levels 
(p<0.05). Thus, pasture-based animals showed 
increased content of anserine in LD muscle. 
No interaction effect was observed between 
feeding system and pre-slaughter management. 
Regarding this issue, it could be assumed that 
CH practice (for both feeding systems) led to 
increased levels of these dipeptides in order to 
protect the muscle tissue. This protection may 
occur due to the antioxidant and free radical-
scavenging functions of carnosine, which can 
take place during acute stress in + management. 
Although there is little literature regarding 
dipeptides in stressed animals, our results agree 
with those of other authors who have found that 
carnosine content in whole human muscle has 
been correlated with high-intensity exercise (17). 
Published data also related higher concentrations 
of these dipeptides in athletes participating in 
anaerobic sports (18, 19). These correlations 
suggest that increased levels of dipeptides found 
in our work would be a consequence of an 
increased anaerobic glycolysis involved in CH-
animals before slaughter. 
Animals from pasture-based system showed 
higher values of anserine (p<0.05) than animals 
from grain-based system, independently of pre-
slaughter management. Other authors (20) found 
that feeding location is a significant source of 
variation for carnosine, and anserine. 
Our results could be associated to the increased 
anxiety and dehydration displayed by these 
animals (data not shown) during transport or at 
the abattoir installations, since pastured-fed 
animals would be less accustomed to human 
contact than grain-fed ones.  
Table 2 shows the total concentration of free 
amino acids of LD muscles of animals studied.  
 
Table 2. Free Amino acid content (mg/100g) of beef 




CH RH CH RH 
119.87±6.14 127.20±22 127.40±4.06 115.55±48.01 
 
As can be observed, no significant differences 





The values of anserine and carnosine in LD 
muscle were associated to feeding system and 
pre-slaughter management at abattoir 
installations. The free amino acids content did 
not differ among treatments. This finding 
contributes to the understanding of muscle 
metabolism of histidine dipeptides and suggests 
new markers of acute stress in animals. 
Accordingly, possible uses should be further 
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